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ELECTRIC ACTIVITY OF THE OLFACTORY BULB IN MAN® 
By Cart W. St M-JACOBSEN, M.D 
\IaGnus C. Perersen, M.D. 
Henry W. Donce, Jr., M.D. 
QUENTIN D. Jacks, M.D. 
Jorce A, Lazarre, M.D. 
AND 
Coun B. Hotmean. M.D. 
ROCHESTER STATE HOSPITAL, MAYO CLINIC AND MAYO FOUNDATION, 
ROCHESTER, MINNESOTA 
fue electric activity of the olfactory — limited, the opportunities afforded were 
ib in animals, especi: lly the rabbit. used as fully as conditions allowed. 
s been studied extensively by Adrian The examinations were limited so as 
e others'. Most of this work was car- not to cause the patient any additional 
d out as acute experiments while the — discomfort. As far as possible, the prob- 
imal was under the influence of an- lem was explained to the patients, sev- 
esthesia. Until recently, however, little eral of whom became interested and 
s known about the electric rhythms gave valuable information concerning 
the olfactory bulb of humans. their subjective sensations. 
in the course of depth electrographic The depth studies in all instances 
pre examination of psychotic patients, a were made only as a preliminary ex- 
nts unique opportunity presented itself for amination prior to clinically indicated 
| - tudy of the electric activity of the operations on the brain. After the elec- 
nan olfactory bulb. Since one of the trodes had been placed, each patient 
sons for these examinations was the was tested repeatedly over periods 
ly of the ventromedial aspects of — varying from 1 to 6 weeks. 
the f be, ; T ‘lectrode ma : - 
rontal lobe, a numbe ; of ele ctrodes Technique and Material. The technique 
e placed in and near the olfactory used for depth electrography has been de- 
bulb. As the knowledge of smell is — scribed in earlier publications?.*. A total of 
- (his investigation was supported in part (Rochester State Hospital) by research grants 
=a I the Minnesota Department of Public Welfare and the National Institute for Neurologic 
” I iSes ind Blindne SS 




















P44 The 


studied 


pal I Recordings were 
mad tri l implanted microelectrodes. 
Electrode wer» placed in both bulbs in 2 


Lil > electrodes were placed in 





the sa bulb in each of 2 patients Only 
ne electrode was placed in one of the bulbs 
| t remaining 13 patients 
Several trodes were close together in 
some in wes and it appeared roentgenologi 
cally f all of them might be in the bulb 
Howe factory rhythms could be ob 
tained TI 1 nly one electrod { Fig Ll). This 
ites that recordings of electric activity in 
tact bulb can be obtained only 


LT-LF 
LF-LP 
LP-LO 
RF-RO 
° 





Olfactory 


] ] 
| ( 


through electrodes placed either on or in the 
bulb. No olfactory ac tivity was recorded from 
electrodes only a few millimeters away. 

The exact anatomic location of the elec- 


trodes placed on or in the bulb unfortunately 
has not been determined visually in any case 
It is extremely unlikely, however, that all 


f them would be in identical zones. The 
probabilities are that they were distributed 
in various parts of the bulb. As yet, none 
f the bulbs has been examined . microscop- 


ically after the electrodes were removed. 
Stimulation of the 


was carried out in accordance with the tech 


Elsberg*, in 


nasal mucosa by odor 


nique of which a measured 
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response ot patie nt under thiope ntal anesthesia. Ds spite lose 
il electrodes, the olfactory response was transmitted by only one ele 
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odor in ques 





amount of vapor containiny the 
blast Thirty 


the substance emitting the odor was placed 


tion is used as a milliliters of 


in a bottle of 530 ml ipacity The bottk 
was then closed and the amount of air to be 
used in the blast was added under pressur i 


through 
constituted 


used i balloon 


The sudden release of th 
a tube directed into th 
the blast. If 100 ml 
containing 50 ml. of air 
the bottle before the remaining 50 ml 
added to the bottle under 
the balloon 


pressure 
nostril 
was to be 

was connected to 
was 


pressure For the 


test, was squeezed at the same 
time that the pressure was released. Gen 
af = wv 
n 
\“ vi 
* 
r ‘ 
wen, 
ead”) ' 
‘ 
‘ 


4 
J ~ iV f wv 
if \ 
") " 1 { es 
" ]-sou.v 


proxi tor 
approxima 
trod 


erally, 100 ml. was used 
both 100-ml. and 30-ml 


S¢ parately. For othe special studies, a cor 


for special test 
imounts were ust 


tinuous stream of air flowing at the rate 
0.5 liter to 2 liters per minute also was use 

The 
patient 


examinations were made while t 


was in any one of several stat 


wakeful, 
thiopental anesthesia or ether anesthesia 


namely normally unsedated  sle« 


as not to cause the patient any discomt 


terminated, the 
by limiting the observations that 


tests occasionally had to be 
otherw 


could have been made during that partici 
session 
The nasal cavities were examined bef 
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luring and after each test by an otorhinolaryn- 


rologist. If changes occurred in the nasal 
mucosa during a period of testing, that test 
was terminated 

Only a few adors were used during the 
early part of the work. As the studies pro- 
ressed, more odors were added. Table 1 


lists the odors comprising the present test 


battery. These odors were chosen in accor- 
dance with recommendations made in various 
textbooks of physiology and the availability 
i the odors recommended. The examinations 
We>re mack in the r lectro-encephalographic 
thoratories, which have no provisions for 
urification of the ai except forced ventila 
tion 

rABLE 1.—ODORS USED IN E 


OF THE OLF 


Acetone 

Ammonium hydroxide 10°, 
\morosone (synthetic musk 
Amyl acetate 

Anethole 

Bay rum 

Benzaldehyde 

Benzene 

Benzyl formate 

Bluebell 

Burnt rubber . 

( amphor 

Cananya 


Results. The electric activity of the 
factory bulb appears to be of two 
types". The first is the resting or back- 
round activity, which is always pres- 
nt even though an odorous stimulus is 
iot applie ‘d. The second is activity that 
elicited as the result of stimulation of 
the nasal mucosa by means of various 
dors. 
The resting or background activity 
as confined to a narrow band of 36 
» 40 cycles per second (cps). Indi- 
dual variations were encountered, 
»wever. The amplitude of these waves 
mained fairly constant and did not 
ypear to be affected by respiration. 
hether or not this activity is entirely 
trinsic or is a response to minimal 
ntamination of the air by odors could 
t be determined under existing condi- 


ns. 
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The electric potentials evoked in the 
olfactory bulb by stimulation of the 
nasal mucosa with v: aporous odors con- 
sisted of rhythmic sinusoidal waves 
having a frequency of 25 to 39 cps. The 
frequency in some patients was slightly 
greater. The response to a given odor 
varied but little, neither in the same 
patient on repeated stimulation nor 
from patient to patient. Thus, the fre- 
quency of the response to coffee was 
30 to 34 cps and that to lavender was 
32 to 36 cps. However, it should be 


LICITING ELECTRIC ACTIVITY 


ACTORY BULB 


Carnation Lilac 
Chypre Methyl 
Cinnamon Neroli 

Clove 2-Octanone 
Coffee Octyl alcohol 
Diphenylmethane Onion 

DL Camphor Peppermint 


Ether Raspberry 
Geranium Sassafras 
Hyoscyamus Turpentine 
lonone AB Valerian 
Lavender Wintergreen 
Lemon 


although the various 
odors used evoked potentials of certain 
frequencies, any frequency within the 
frequency band might be recorded in- 
termittently. A few of the odors used 
for stimulation persistently evoked re- 
sponses of a wide range of freque ncy. 
Thus, the response to onion was 28 to 
39 cps and that of burnt rubber was 
25 to 35 cps. 

Figure 2 illustrates a response to lilac 
that appears to be the result of two 
or more frequencies. This suggests that 
the electric response of the olfactory 
bulb to stimulation of the nasal mucosa 
by means of a given odor has a spec- 
trum of frequencies rather than a single 
frequency. It should be emphi isized, 
however, that no pure odor is known. 

As described in an earlier communi- 
cation’, a state of anesthesia shifts the 


stressed that, 





244, The American Journal of the 
frequency band for evoked potentials 
With the patient under ether anesthesia 
the frequency range Was increased. to 
10 to 48 cps while thiopental anesthe 
sia decreased it to 17 to 25 cps The 
potentials evoked by the various odors 
used appeared to retain in the altered 
the 


betore 


frequency bands relative 
that they had the 
tion of either thiopental or ether 


position 


administra 


Vigorous blasts of certain odors on 
the 


tients 


nasal mucosa of anesthetized pa 
had Not 


only were electric potentials recorded 
trom the olfactory 


strong arousal effects 


bulb and from var 
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Some of the odors used in stimulat 
ing the nasal mucosa evoked good elec 
tric responses in the bulb. Other odors 
elicited only fair responses, whereas 
SOMME odors produced ho 
all. A 
fect, causing a flattening of the tracing 


illus 


trated in Figs. 3 and 4. In each of these 


response at 
few odors had an inhibitive ef- 


Responses in patients are 
figures, the odors used are listed in ac 
cordance with the degree of response 
recorded from one electrode. The odors 
at the top 


responses 


giving good responses are 


whereas those 


ire at the 


GIVING 
bottom. As 


pool 


long as the re 


OLFACTORY POTENTIALS EVOKED BY LILAC 





os ai iy lig 





SEC 
pee 
ud SSL Ht \ S lw a) iy ~. . 

i] vida! ii) yey Niji MP a Witty Hie ] 100 LV 
SEC 
ad — 

y | i lilac Not tl VaXll Wa ot tl . 3 spe 
iting the pre t two I il | 
ious parts of the brain affected but the cordings were made from the sam 


clinical state of the patient was chang 
ed. Thus 


pental anesthesia would begin to re 


a patient undet deep thio 


spond shortly after a few blasts of 
burnt rubber, tincture of valerian, o1 
lilac were directed into the nostrils. 
Only a few odors had this strong 


arousal effect. Like 
the odors tested had little or no arousal 
effect that 
stimulation of with 


room air, most ot 


Thus, it is conceivable 


the nasal mucosa 


strong blasts of certain odors might aid 
in reviving patients from the effects of 
overdoses of barbiturates. 





electrode, the order of testing the odor 
did not change their positions in th 
lists. The order of listing, accarding t 
the responses, was different from ele 
trode to electrode when different ele: 
trodes were used. The degree of re 
sponses elicited by stimulation with nit 
odors in 9 patients, one of whom (P 
tient I) had two electrodes in the sa 
bulb, is summarized in Table 2. 

If an odor produc eda good respon 
the amplitude of the electric potenti 
evoked in the bulb could be altered 


by varying the intensity of the stimul 
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PABLE 2. OLFACTORY ELECTRIC RESPONSES* TO ODORS 
IN 9 PATIENTS 

































































Patient 
t 0 i B ( dD / I G M1 I (Ant / 
j Ck } 5 l 2 + 2 } 2 ,) 6 
driv , j } 2 6 } i) ) 5 } 
Cott 5 } a) 2 , ) } } 6 
Clivp 6 d + } a ) 7) ES 6 
Wints n > A = 2 2 & 8&2 3 3 
Purpe me $ 2 2 2 3 2 , 2 5 2 
\ceto 1 | l ] ] ] ] 4 2 
( Am ) 2 ( a } } 6 
Pineture of valerian 6 5 3 2 3 $ 6 6 
6 
) * Grading df response l. flattening: 2. no response, 3, poor response, 4, fair FeSPOTISe ; 
: ponse: G, very good respotise 
COMPARISON OF OLFACTORY RESPONSE TO DIFFERENT VAPORS 
ROSE GERANIUM pi\')/\Aee an yrinnandavnh\ WA NRE Avi ial aiid Abngl tees vee. 
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BURNT RUBBER rife srpnatspawlt Attlee mere aw taney ve Ny pushy Ans bpiliys (eit a! 
CHYPRE awn? any’ [Pr ne, wt! }r hoy NR A app Pay nae YO Ae ay 
RASPBERRY Wve idbiv Ay nk! aetiaeeN bh halen layin 
LAVENDER Sipe ti neimenelalfn kn canna ANA ho bath 
LILAC SSN AN ghee ween nV hy ty | al v\ te Gail esteem, dena Lenae ane 
BITTER ALMOND Andy ete foridawin + ee oh ok the den ok aa oe + Wat geese libegh ene 
ONION Si aranbnecyeranremmsfietion ytesitade A Pair lai, WMMAAtI Gh Aa 
BAY RUM FO Ned Aral eh eA ie “afew BN bal mel ie iedatall Nay yeti te elanar alee," 
tea 
lon COFFEE Pte Patel de int ani oh NSN real ab AUR Alpha aplenty 
tl 
CLOVES 1 oh pene prime te acten i Noy® Se tii Ap ARAN name bleep ihe 
le ‘( JASMINE ld ed as al Oe Oe we Spl AA Mar) Nr te pitaet i Ae aa * 
i T INCT VALERIAN te eae ates N\A iden enna ry ‘ oan Avleee we NS Oey bs indi Ai, aaa cael a 
ae 
ih WINTE RGRE EN Mo glen Ath AS Py fale AAA AM Ay Aap, Ans epee oP" 
| 
TURPENTINE HPS rary Ver tanly Walon ANNA, Vortornely Nive We 
a 
CAMPHOR fm AMIN, OWN 2 Aen tins Py pen A}e Sea Wagan aid 0M Avera Nye 
: . ACETONE Pa maaan nea ants CIM aha Rade uate cc are OL ee 
16) ) 
ered SES, = Jot00KLv. 
ul Fi Electric responses of olfactory bulb to various odors in another patient. 
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Several patients from whom good re- 


sponses wert obtained stated that they 


could smell the odor only when electric 
responses in the bulb were. elicited. 
Repeated tests indicated that these 
statements were correct. It should be 


emphasized that these quantitative re- 
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stimulating blast was strong or weak. 
The number of odors eliciting no re 
sponse mn some patients Was amazingly 
large. 

The electric response 1n the olfactory 
bulb appeared promptly when the stim 
ulus of odor was applied to the nasal 


COMPARISON OF OLFACTORY RESPONSE TO DIFFERENT VAPORS 
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LILAC ~hpritentae int hndatediinlit rh SAIN RHI Nabe ary aap omar 
CHYPRE OTN ss eRe, Lien reagyaltveinaghinpmtsosietete 
RASPBERRY wearer eunnnn ln ae NR att ADK ee sbilh A gghon Seed re eA tad YNnvnre «ca, ip 
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Soren ton Santana etal fe fla Hhlih NR 1 ARNE ibe Ne Mate aril Alp dn 
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Fig. 4.—Electric responses of olfactory bulb to various odors in another patient 


sponses were limited to odors evoking 


electric responses in the individual pa- 
tient giving the information. 

Odors giving no response might be 
pleasant or unpleasant. If an odor fail- 
ed to evoke an electric response in the 
bulb, it did not matter whether the 





mucosa and disappeared rapidly whet 
the stimulus was removed. The re 
sponse occasionally would persist fo 
a considerable length of time. Thus 
the response in a patient showing goo 
reaction to stimulation by means « 
her favorite perfume was so prolongs 
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;}¢ |Eie 4 


sa 


2 


Els | 
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that the test had to be terminated. An 
itt mpt was made on one occasion to 
deodorize the laboratory with a com- 
mercial deodorant. The electric re 
sponses evoked by this deodorant were 
so persistent t that further testing was 
impossible for the remainder of the 
day 

Electric rhythms evoked by simul- 
taneous odorous stimulation of the 
nasal mucosa of both nostrils of a pa- 


tient having an electrode in each bulb 


LT BULB 
RT. BULB 
30 CS 
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electrodes were different; they were not 
synchronous nor were they of the same 
amplitude (Table 2, Patient 1). This 
demonstrates that electric rhythms 
evoked by odors are different in var- 
ious parts of the bulb. 

In the earlier recordings, the back- 
ground activity complicated the  trac- 
ings. Use of an extra-short time con- 
stant® ea it possible to filter out 
these slower rhythms and simplify an- 
alvsis of the records. 





lual electric responses to odor of each olfactory bulb, recorded by an electrode 


each bulb of a patient Note that the responses were neither synchronous nor of the 
same frequency. 


iried in the two bulbs. The responses 
CT¢ neithe I synchronous nor of the 
). Some of the 
lors that evoked good responses in 


try frequen¢ \ ( Fig. 5 


ne bulb produced little or no response 
1 the other 

Another patient had two electrodes 
iced in the same bulb. They appe ~ared 
entgenologically to be about 5 mm. 
part. The electric responses recorded 
om the two electrodes in this patient 
iried as much as did those recorded 
om different bulbs. The responses to 
trious odors recorded from the two 


Stimulation with some odors, espe 
cially acetone, frequently caused flatten- 
ing of the tracings. Similar results have 
been obtained by Walsh" in studies 
employing microe ‘lectrodes. In a patient 
who had an extremely good response to 
lilac, application of strong blasts of 
this odor to the nostril repeatedly pro- 
duced flattening of the resting or back- 
ground activity for a second or so, after 
which the usual response appeared 
(Fig. 6). It appears that there was an 
initial blocking of the electric activity 
in the olfactory bulb. 
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the 
mucosa with an odor frequently was 


Prolonged stimulation of nasal 


observed to cause transitory decrease in 


the electric potentials evoked in the 


olfactory bulb. If a continuous stream 
of odorous vapor was used for stimul- 
lation, gradual decrease in the ampli 


tude of the responses was noted after 
10 to 100 seconds. A return toward the 


usual responses occurred 10 to 30 sec 
onds after the stimulation was termi 
nated. If another odor was used as a 


stimulus during the time of decreased 
response to one odor, the response to 
the 


of maximal umplitude 


second odor was immediate and 
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in others may explain why some hu 
mans and animals have a more acute 
selected odors than 
Such 
would 
explain the differences in recordings 
obtained the various electrodes. 
The data presented tend to support the 
theory of 


smell for 
the 


arrangement 


sense ot 


do others of same species 


an anatomic also 
from 
\ smell formulated by Hainer 
and associates’. 

The differences it 
rhythms evoked by 
further study. An « 


capable of analyzing the 


Irequency ol the 
Various odors need 
lectronic analvzet 
frequenc ies 
reported in this study would greatly 


aid such investigations and might clar 


RESPONSE TO STRONG ODOROUS STIMULATION WITH LILAC 





' . ale i} 
Vn aLidt} datalla timber a Ce ste Man elPevrrinatiecs 
i ' F 


Z vig) 
oe thas | 


{ 
MT al 
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PAMLOTLLLE l, 


\y At i Ay nein ea vile 
' ' 





i \yye ve ype yy 
\ 
BEFORE STIMULATION —————— -— = 4 
ig. Ob EKttect of strong blasts of odor Note Hattening t background 
or so. after which the sual re sponse appeares 


Although 
served fre que ntly in the course of these 
it cannot be stated that they 
are invarinble. Extensive studies would 


such responses were ob 


studies 


to determine whether or 
not this type ot 
to all 
necessary to elicit it. 

Comment and Conclusions. The find 
indicate that there 
distribution in the human ol 
bulb of individual zones, each 
of which responds to a limited num- 


be necessary 
response is common 


and 


odors 


what conditions are 


ings may be an 
anatomk 


factory 


ber of odors or odor components only. 
\ greater development of some parts 
of the bulb in some individuals than 





diffe rences 
\ greate! 
compo 


nents but more especi illy the isolation 


ify the significance of th 
in frequency of the re sponse 


knowledge of odors and odor 


of a pure odor would be of inestimabl 
value in such studies 

Summary. Stimulation of the nasal 
mucosa by odors in 17 psychotic pa 
tients evoked 
bulb 


Soe 
Zo to 


electric rhythms in. the 


olfactory varving in 


pel 


spectrum ot 


frequency 
The 
electric. fre 
que nev for odor in the olfactory bulb i 


given further support 


7 1 
trom 9 cvcles second 


theory of a 


These electric rhythms were 
both 


not sy1 


chronous either in bulbs o1 
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different regions of the same bulb. The 
responses recorded from individual 
electrodes were maximal for only a 
limited number of odors. . 
Responses to the same odor recorded 
from various electrodes ranged from 
none to maximal. The responses to var- 


1OUS odors rec orded trom the same elec- 


ACTIVITY OF THE OLFACTORY BULB) 25] 


Since it is extremely unlikely that all 
electrodes were in the same minute re- 
gions of the bulb, the findings may 
indicate an anatomic distribution of in- 
dividual zones in the bulb, each of 
which responds maximally to only a 
small number of odors or odor com- 
ponents. 


trode varied from none to maximal. 
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SUMMARIO IN- INTERLINGUA 
Activitate Electric del Bulbo Olfactori in Homines 


Le stimulation del mucesa nasal per varie odores evocava in le bulbo olfactori 
le 17 patientes psychotic un reaction de rhythmo electric con frequentias de 


\~ 


eS nter 25 e 39 evclos per secunda. Iste observationes supporta le theoria del 
Cl xistentia de un spectro de frequentias electric pro odores in le bulbo olfactori. 
O Le observate rhythmos electric non esseva svnchrone in le duo bulbos;: illos 
mn seva non mesmo synchrone in differente regiones del mesme bulbo. Le 
rhe esponsas registrate ab electrodos individual esseva maximal pro solmente un 
stringite numero de odores. 

sal Responsas al mesme odor, registrate ab varie electrodos, variava inter nihil e¢ 
vi lores maximal. Responsas a varie odores, registrate ab le mesme electrodo, 
hie iriava equalmente inter nihil e valores maximal. 

Te Proque il es extrememente improbabile que omne le electrodos se trovava in un 
he iesme minute region del bulbo, nostre resultatos indica possibilemente que il 
r iste, in le bulbo, un distribution anatomic de zonas individual que responde 
iximalmente a solo un reducite e specific numero de odores 0 de componentas 


odores. 
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INFECTIOUS MONONUCLEOSIS 


By CoLoNeL Rosert |]. HOAGLAND, MC, USA 


CHIEF OIF 


FORI 


MANY case reports of cardiac com- 
plications of infectious mononucleosis 
appeared, but the rate of 
dence of this complication remains un 


known fol 


have inci 


several 


reasons. First, in- 
numerabk uncomplicated cases of 
mononucleosis are unreported. A|- 


though many articles deal with single 
case reports there are some reports of 


multiple cases of mononucleosis with 
] 


clectrocardiographic changes, but they 
do not deal with a large consecutive 
series of patients all of whom had 
electrocardiographic studies. Second, 


some cases reported as mononucleosis, 
but without serologic confirmation, may 
in fact not 
Third 


have been mononucleosis". 
and most Important, excessive 
has been attributed to triv- 
ial electrocardiographic changes, such 


significance 


as lowered amplitude of T waves, re- 
sulting in diagnoses of myocardial in- 
volvement, or even myocarditis, which 
are open to question. A report which 
exemplifies the latter factors will be dis- 
cussed in de tail below. 

For these reasons, it was decided to 
the LOO 
consecutive patients hospitalized with 
mononucleosis. To make certain that all 
patients did indeed have mononucleo- 


study electrocardiograms of 


sis, this diagnosis was made only when 
blood cell 


clinical manifestations. 
agglutina- 


ind heterophile 


of 


changes 


tions characteristic 


mononucleosis 
y patient in this 
series had lymphocytosis of over 50%. 


were present. Every 
with presence of atypical lymphocytes, 
and a minimal heterophile antibody 
titer of 1:56 unabsorbed 1:28 
iter guinea pig kidney  absorp- 
tion. The incidence of cardiac and other 


and 


MEDICINE, 
BENNING, 


U. S. ARMY HOSPITAL, 


GEORGIA 


complications of mononucleosis can be 
reliably estimated only if the reported 
cases meet all three diagnostic pre 
requisites‘ " 

Survey of Literature. An editorial by 


Houck!” 


mononucleosis 


cardiac involvement in 
stated that although 
numerous articles have reported cardiac 


on 


changes in mononucleosis, the evidence 
He that 
there was little to fear from heart dam 
to 
and that minor electrocardiographic de 
to 
stated 


was unimpressive concluded 


age due infectious mononucleosis, 


viations should not cause concern 


physicians or patients Houck 


that when routine electrocardiograms 
were performed, the re ported incidence 
of abnormalities was 5 to 50%. Inas- 


much as our results coincided with the 
lower figure, it seemed worth-while to 


evaluate a report cited by Houck 
which indicated that almost half of 
t series of mononucleosis patie nts had 
“myocarditis mononucleosa. This 


paper and another by Kalk and UI] 
bricht!* that “myocarditis 
mononucleosa” was frequently present 


concluded 


in infectious mononucleosis. The latter 
authors reported electrocardiographic 
abnormalities signifying disease in 15 of 
> patients who had. electrocardio- 
grams. 

The discrepancy between our find- 
ings and those of Kalk and Ulbricht 
are readily explained. They diagnosed 
mononucleosis in 56 patients in one 
year. However, not all had electrocar 
diograms, so some degree of selection 
may have occurred. More important, 
these authors included cases diagnosed 
as mononucleosis regardless of results 


of the heterophile antibody test. They 
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considered the test unreliable; and 
since negative results of the test had 
no diagnostic significance for them, it 
was not ordered in all cases. (Number 
of patients who had the test and titers 
observed were not stated.) Equally, or 
perh: aps more, important is the debat- 
able significance they imputed to the 
clectrocardiographic changes. Of the 15 
patients whose tracings were regarded 
as abnormal, 12 showed a lowered am- 
plitude of T waves, usually in leads 2 
and 3. Some of these were stated to 
have prolonged Q-T intervals, but the 
number of such patients and specific 
electrocardiographic data were not 
given. Five patients had S-T segment 
depressions in leads 2 and 3, but no 
figures are stated, is conjectural 
whether the depressions were signifi- 
cant. Four patients had prolonged con- 
duction: in one instance the QRS dura- 
tion was .13 sec.: the others showed 
slight increase of P-Q duration. 

Jaffe, Field and Master!! and Leibo- 
witz! que ‘stioned the validity of the 
case report of Bradshaw® (who implied 
that mitral stenosis, apparent 6 weeks 
ifter recovery from mononucleosis, was 
a complication of the latter disease and 
suggested an etiologic relationship be- 
tween mononucleosis and rheumatic 
fever). The causal relationship between 
his patient's mononucleosis and mitral 
tenosis 1S doubtful. 

Both Jaffe and Houck re-stated the 
onsensus of cardiologists that minor 
lectrocardiographic alterations — are 
without significance and that only well- 
lefined alterations should be consid- 
red indicative of myocardial involve- 
nent. None of Jaffe’s 22 cases showed 
ignificant abnormalities of T,; and 
mly 2 clearly showed inversion of T4. 
Only one patient’s electrocardiograms 
howed a P-R interval of over .20 sec- 
nd. Inasmuch as diagnoses were not 
n every case confirmed by positive 
heterophile reactions, it is uncertain 


whether all of his patients actually had 
serologically — proven mononucleosis. 
Two of the patients with ele ctrocardio- 
graphic deviations ge heterophile re- 
actions of only 1:8; the height of the 
heterophile titer was not specifically 
stated for the rest of the cases, with 
one exce ption. The v were te rme od‘ ‘pos- 
itive.” Differential white blood counts 
were not given. 

A report of acute pericarditis associ- 
ated with mononucleosis appeared in 
1953"", Analysis of the re port reve valed 
that three authors reported on 3 pa- 
tients who were seen in three different 
pine a in two different cities over a 
period of 7 years. We can infer that 
acute pe ric irditis must be a rare com- 
plication. In a pe ‘rsonal experience in- 
volving almost 300 patients with infec- 
tious mononucleosis, | have yet to see 
my first case. Bernstein?, in a long and 
detailed report on mononucleosis, did 
not mention complicating pericarditis. 
Although he stated that cardiac distur- 
bances were unusual, and _ despite 
“scantiness of these bits of evidence,” 
he wondered “whether certain of the 
so-called rheumatic hearts encountered 
in individuals with no history of rheu- 
matic fever or its equivalents, may not 
date back to a seizure of infectious 
mononucleosis.” | believe that the pas- 
sage of time and additional experience 
with mononucleosis have shown. this 
speculation to be invalid. 

Wechsler, Rosenblum and Sills'? ob- 
tained electrocardiograms in 223 of 556 
“epidemic” cases of mononucleosis and 
reported that 23% had abnormal trac- 
ings, whereas Weinstein'’, ten vears 
later, stated that cardiac abnormalities 
in mononucleosis are rare. This dis- 
agreement can be resolved. First, many 
of the cases reported by Wechsler were, 
in my opinion, probably not mononucle- 
osis. The reasons for this belief have 
been presented elsewhere®’. Second, i 
39 of the 53 “abnormal” electrocardio- 
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Orams the abnormality consisted only 


of unusually low. iso-electric or shal 


) 


waves in leads 2 or 3 


inverted T 2 
inverted T 


lowly 
No Instances ot 
lead 1 or in the 

] Il 


closed Lt re 


waves in 
chest leads were dis 
that a 
peculiar waxing and waning of T waves 
often for a_ halt 
indicative of o1 


authors observed 


characteristic. 
hardly 


ganic heart disease. 


was 
vear. This is 

My analysis of many reported cases 
confirmed thi opinions of Houck and 
of Jaffe and co-workers, who stated that 
nonspecific, minor alterations in the T 
wave are the most commonly reported 
abnormality. These authors re empha 
sized that minor alterations of T waves 
may be caused by such factors as drugs 
tever, increased tonus of the autonomic 
nervous system, electrolyte disturbance 
tachveardia and by the position of the 


patient It is now generally agreed that 


it is a mistake to interpret. tracings 

showing only minor T-wave alterations 

as indicative of organic heart disease 
The report of Evans and Gravbiel 


when analyzed, supports the belief that 
electrocardiographic evidence of o1 
ganic heart disease in mononucleosis 
is uncommon. These authors reported 
electrocardiographic changes of only 4 
mononucleosis patients “in an epidemi 
in which upwards of 100 cases were 
observed.” Unfortunately, it is not clear 
how many other patients had electro- 
cardiographi: studies. In one of the | 
limited to 


and T. 


cases the abnormality 


Was 


progressive lowering of T, 


which, however, were alwavs erect 

A second patient had minimal T-wave 
abnormality (T,; alwavs erect. T. low 
and T-CF diphasic in one tracing ) 


\ third patient had complicating peri 
carditis. In the fourth case diphasic or 
very inverted T 
noted 

Histologic study of necropsy material 
revealed no © striking  mvocardial 
Small, focal, interstitial in- 


shallow], waves were 


( hanges 
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filtration of lymphocytes was the usual 
abnormality, one unlikely to cause clin 
ically important heart disease. Ziegler’ 
stated that the changes seen in mono 
nucleosis are those which may be found 
in connection with many acute infec 
tious diseases. He did not find cellular 
infiltration of the myocardium, so char 
acteristic of the spl en, liver and other 
organs. Custer and Smith‘ reporte d on 
Y necropsies of mononu¢ leosis patients 
They found no pericarditis in 8 hearts 
examined and in 6 cases only small in 
filtrates in the 
Results. After 


with mononucleosis at the | 


nV OC ardium 


seeing many p itients 


S. Mili 
Academy. | observed that this dis 
ease when proven serologic ally, was not 


and bizarre iS 


tary 


one 
lite ra 


careful analy 


as complicated 
would gather from the medical 
1949 
data of every case 


| ater. 
routine 


ture. Therefore, in 

sis and tabulation of 
of mononucleosis was begun 
electrocardiograms became a 
proce dure in the study of these patients 
It soon became apparent that signifi 
cant electrocardiographic abnormalities 
were rarely observed. Therefore. it ap 
peared advisable to take electrocardio 
grams weekly lest short-lived abnormal 


ities be missed 


rABLI ] INCIDENCE OF ELEC 
CARDIOGRAPHIC Al 
MONONUCLEOSIS 


PRO 
TERATIONS IN 


No. of patients who had electrocardio 
‘Y phi studies 100 
patients with normal tracings 5 

patients with elect rdiographi« 
iterations >) 


Recording tracings in various phases 
of the 


cause electroc ardiographic abnormalities 


illness was of interest be 
might be more common in one stage of 
than 


Table 2 shows the distribution of elec 


mononucleosis another. 


during 


trocardiograms in relation to the course 
of the disease. 
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Electrocardiograms of only 5 of 100 
consecutive patients with mononucleo- 
sis revealed any abnormalities. Two 
patients had minor prolongations ot 
the P-R interval. Patient R.B. had a 
P—-R interval of .1S sec. on the seventh 
day of illness. It became .20 sec. on 
the thirteenth day of illness, but was 
IS sec. in tracings taken on the twen 
tieth and twenty seventh days. The 
first tracing of patient J.cC., “on the 
twelfth day of illness revealed a P-R 
interval of .21 sec. A second tracing, 8 
days later disclosed an interval of .20 


sec, 


1ABLI 9 DISTRIBUTION OF “TRAC 
INGS ACCORDING TO STAGE OF 


ILLNESS 

N electrocardiograms taken of 95 
patients without abnormal tracings 158 

Klectrocardiograms during first 
week ol illine SS 99 

Klectrocardiograms during second 
week ot illine SS 71 

Electrocardiograms during — third 
week ol ill SS 34 

Klectrocardiograms during fourth 
eck of illness 17 

Electrocardiograms ilter fourth 
I illness 14 


Patient R.K. showed complete atrio 
entricular heart block in a_ tracing 
taken on the thirteenth day of illness. 
Seven tracings, taken at about 1 to 2 
veek intervals for 2 months, revealed 
o change. He was discharged from the 
ospital after 6 weeks, feeling entirely 
ell despite his having complete atrio- 
entricular block. Follow-up observa- 
ons for over one year disclosed no 
hange in his electrocardiogram or in 
good health. 
The initial tracing, on the thirteenth 
iv of illness, in a fourth case showed 
1 abnormally prolonged Q-T interval 
the Q-T ratio was 1.18). A second 


icing, 2 weeks later was completely 


1S subjective state of 


ormal 


\ fifth patient showed a flat T wave 
in lead 2 in an initial tracing during 
the second week of illness. Eight days 
later a second tracing showed an erect 
T.. No patients showed iso-electric, 
diphasic or inverted T waves in leads 
| or. Va-a. 

Discussion. Valvular heart disease 
has not proven to be a complication of 
mononucleosis. Acute pericarditis has 
occurred, but this complication is rare. 
In a series of almost 300 personally 
observed cases of mononucleosis I have 
not vet detected this complication, nor 
was it re porte ‘d by Bernstein in his ex- 
tensive study of mononucleosis. 

That mononucleosis may affect the 
myocardium has been shown by ne- 
Crops) reports! !" However, the le- 
sions described are not suc as to en- 
gender concern in the clinician. lsolated 
case reports of electrocardiographic ab- 
normalities observed in patients with 
infectious mononucleosis have given 
rise to an erroneous idea of the fre- 
quency of cardiac complications. In- 
deed, the concept that electrocardio- 
graphic changes of mononucleosis “are 
common has been stated in a_text- 
book", 

Examination of reports of electro- 
cardiographic alterations in mononucle- 
osis disclosed that the diagnosis of 
mononucleosis was sometimes question- 
able. Furthermore, the electrocardio- 
graphic changes were sometimes trivial 
and without clinical significance. They 
usually consisted of lowering of ampli- 
tude or diphasic configuration or shal- 
low inversions of T waves in leads 2 
and 3 and infrequently chest leads. 
Clear-cut inversion of T, was not de- 
scribed in any report available to me. 
P-R interval prolongation was much 
less frequently observed than were T- 
wave alterations 

In this investigation of 100 hosr’‘tal- 
ized patients with mononucleosis (lim- 
ited to those with characteristic hema 
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changes), the 
incidence of significant electrocardio- 
graphic changes was only 5%. Two pa- 
tients had minimal P-R interval pro- 
longations. One patient 
crease ol QO-T 
patient 
Wave 1m 


tologic and_ serologic 


had an in- 
duration. A fourth 
showed an_ iso-electric T 
lead 2. In all of these indi- 
viduals electrocardiographic abnormal- 
ities disappeared during the third or 
fourth weeks after onset of illness. A 
fifth patient had complete atrioventric- 
ular heart block, which persisted during 
6 weeks of hospitalization and a 
follow up period of over one year, 
However, he had no functional impair- 
ment and no subjective, physical or 
roentgenographic indications of heart 
disease. The 95 patients without abnor 
malities had 158 
illine SS. 


tracings in various 
stage S ol 


Discrepancy between my 


observa- 
tions and those of some authors!13-17 
who reported a greater frequency of 
electrocardiographic abnormalities _ is 
attributed to three differences. This 


investigation is the only one, as far as 


| know. which included all cases of 
mononucleosis seen in a consecutive 
series. Second, mononucleosis was not 


diagnosed hematologic and 
criteria were fulfilled. Third, 


lowered amplitude of T waves was not 


unless 
Sé rologic 
regarded as a significant abnormality 
unless at least the iso-electric position 
was attained. Such change was deemed 


significant only in leads other than 
lead 3 and lead V, 
Houck stated that cardiac involve- 


ment is clinically infrequently observed 
and that electrocardiographic altera- 
tions were the bases for most reports 
of cardiac involvement in mononucleo- 
sis. He stated, or understated, that the 
correct interpretation of electrocardio- 
graphic alterations (consisting usually 
of T-wave changes) was uncertain. In- 
asmuch as T-wave changes can be 


caused by drugs, fever, functional 
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change of the autonomic nervous sys 
tem, electrolyte disturbances and other 
factors which do not signify organic 
heart recommended that 
electrocardiographic changes be inter 
preted with caution and concluded 


disease, he 


that such changes may cause too much 
concern in physic ian and patient. 
Kalk and Ulbricht recommended that 
all mononucleosis patients have electro 
cardiographic study because of the fre 
quency of “myocarditis mononuc leosa,” 
and that patients with the alterations 
they described should be kept in bed 
until these changes disappeared How 
ever, their diagnoses of mononucleosis 
and their interpretations of electrocar 
diographic 
question. 


alterations are open to 


Jaffe and co-workers recommended 
that when electrocardiographic abnor 
malities are found, the patient's activ 
ities should be restricted, and the pe 


riod of 


convalescence should be ex 


tended, until the record 


returns to 


normal or remains stationary (in the 
rare cases in which the changes per 
sist). The author believes that this 


policy should be confined to those pa 
tients whose electrocardiographic al 


terations are un iestionably significant. 


The significar: + of lowered or iso 
electric T waves in leads 2 and 83 ar 
slight. 


Summary. 1. In a series of 


LOO con 
secutive hospital patients with mono 
nucleosis who had one or more electro 
cardiograms only 5 showed any abnor 
malities; and at least one of these was 
The 
changes usually disappeared before the 
fourth week of illness. 

2. Review of many reports of elec 
trocardiographic alterations in mono 
nucleosis revealed that the 
were often not beyond the range of 
normal. When changes beyond normal 
limits were found, they were almost 


of «auestionable — significance 


“changes” 








iO 


ot 
al 


st 
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always transient and usually involved There seems to be no more reason te 


l waves in lead 2. fear cardiac involvement in patien 
3. Myocarditis is not a clinically rec- with mononucleosis than physiciau 
ognizable feature of mononnecleosis. induced cardiac anxiety. 
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SUMMARIO IN INTERLINGUA 
Involvimento Cardiac in Mononucleosis Infectiose 


|. In un serie de 100 consecutive patientes hospitalisate con mononucleosis 
qui habeva un o plure electrocardiogrammas, solmente 5 monstrava ulle anormali- 
tate, e in al minus un de iste casos le anormalitates esseva de signification 
juestionabile. Usualmente le alterationes dispareva ante le quarte septimana del 
morbo e 
Un revista de numerose reportos de alterationes electrocardiographic in mono- 
nucleosis revelava que ille “alterationes” remaneva frequentemente intra le limites 
le lo que es normal. Quando alterationes excedente le limites del norma esseva 
trovate, illos esseva quasi semper de natura transiente e involveva usualmente 
indas T in derivation 2. 
3. Myocarditis non es un clinicamente recognoscibile characteristica de mono- 
iucleosis. I pare que le sol base pro timer involvimento cardiac in patientes con 
nononucleosis es le anxietate inducite per le medico. 







































ELLIPTOCYTOSIS: 


By R 


JAMES S. 
STAFI DEPARTMENT OF 


SENIOF NSTRUC O} N MEDICINI SCHOO! 


a hereditary anom 
aly ot the red blood cells characterized 
by the presence of oval and elliptical 


ELLIPTOCYTOSIS is 


cells in the pe ripheral blood. The con 


dition is usually benign and not asso 


ciated with anemia. but a small pel 


centage of patients exhibit signs and 
symptoms of a hemolytic 
\ review of the 


relatively tew 


process 
literature reveals 
cell sun 
Strumia 


radios hro 


reports on red 
vival time in this condition 


and associates using the 


mate ee 


a study of the autosurvival of ellipto 


method recently reporte d 


cytes Ina spl nectomized subj ct. They 


reported that the survival was much 
longer in the splenectomized patient 
than in a normal recipient transfused 
with the 


offered an 


patient's red cells. Our case 
excellent opportunity to 


study erythrocyte survival using the 


method, in a 
patient with « lliptoc vtosis who had not 


sodium chromate (C1 


had a spl nectom\ 
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RESERVI NIVERSITY 
el k | | { val | tituite 
Oh 
of one vear's duratio1 The pain occurred 
Imost daily, and was relieved by food. Du 
it the mth pi examination — she 
1 lost 10 pounds n weight Hypertension 
was known to have beet pre ent tor 15 vears 
Puri t} \ il pi I te examination she 
\ recel pen illis nyections once i week 
for 9 montl presu bly because of a pos 
ti erologic. te yphilis Dh patient 
tated that ‘ } knowl e ot 
Phere w f ry of hypertension 
| t Iie I ( } Lhe patient s parents 
( lead but her three iblings, two sisters 
ne brother. wer living and well. A 
y| « unpl iro at I het sisters, the 
ilabl bl examined and 
| wed ervthrocyvt bnormality 
Physical eCXa natior revealed i well 
developed woman wl did not ippear te 
hye ill The myunce were slightly pale 
but there was no jaundice. The pupils re 
cted normally and thalmos« pic exam 
ination revealed no. signif int changes The 
lungs were cleat iuscultation of — the he irt 
disclosed a soft grade 2 ipl il systolic mut 
mur Abdominal ey nation revealed n 
tenderness or masses nd the spleen wa 


not palpabl Neurol examination wa 
Case Report. A 53-year-old Negro house negative 
wit Was { illy examined I N iber 16 Examinati mm of th | 0d repe itedly ove 
54 iwin epigastric pai i 6-month period dis ‘ that the red bloo 
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Che idioactive chromium used in this investigation was supplied bv the Abbott Labor 
tories on authorization from the Isotope s Division, U. S. Atomic Energy Commission 
>Former Fellow in Clinical Pathology. Cleveland Clinic iddress. 345 § 
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cell count ranged trom 2,800,000 to 3,500,000 


per c. mm the hemoglobin from 8.4 to 10.0 
m. pel 100 mil., and the heimatocrit reading 
from 32 to 34 The mean corpuscular vol- 
une averaged LO4 cubic microns (range 98 
to LLO the mean corpuscular hemoglobin 
oncentration 28% (range 26 to 29), and the 
reticulocytes L.3% (range 1 to 1.9 The leu 
kocyte count ranged trom 4,750 to 9,600 pel 
mm., with a normal differential count. Ex- 
mination of stained peripheral blood films 
repeatedly over a period of 6 months re- 
vealed triki abnormalities in red cell 
rphol y with numerous ovalocytes ellipto- 
cytes microspherocytes and cellular frag- 
ents Ii | No target ce lls were prese nit, 
ind hypo hromila Was not CONSPICUOUS 
\ differential count of the erythrocytes 
is done and the results are presented in 
lable 
Studies of osmotic fragility gave the fol 
Wil re t orrected to pH 7.4 
Per Cent lTiemolysis NaCl (gm 
l 0.63 
‘ 0.55 
10 O51 
25 0.47 
50 0.44 
75 0.42 
YO 0.39 
the erythrocyte mechanical fragility was 
2 I 5% or less Direct and indirect 
itiglobulir Coombs) tests were negative, 
no erythrocyte antibodies were demon 
trated either absorbed on the patie nt’s cells 
in the serum. The Donath-Landsteine1 
nd acid hemolysin tests were negative. 
Alkali-resistant hemoglobin determined by the 


ethod of Singer, Chernoff and Singer!® was 
il limits. The red cells did not 


kle, and electrophoretic analysis of — the 
( y the paper strip method, using 
irbiturate butler it pH ot 8.6, revealed a 


le component with the mobility of nor- 
hemoglobin. A bone marrow examina 
revealed normoblastic erythroid hyper- 
ia with mveloid-erythroid ratio of 1.7 
| 
Blood chemistry measurements disclosed a 
ting blood sugar of 88 mg., urea 21 mg., 
| serum uric acid of 2.8 mg. per 100 ml. 
total serum protein was 8.5) gm. per 
OO ml. with an albumin-globulin ratio of 
> to 3.3. Tiselius protein studies revealed 
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no significant abnormality. The blood Wasser- 
mann and Kahn reactions were 4 plus. The 
cerebrospinal fluid contained no cells, and 
gave negative Wassermann, Kahn, and _ col- 
loidal gold reactions. A test for lupus ery- 
thematosus was negative. Two stool examina- 
tions were negative for parasites and occult 
blood. A gastric analysis following injection 
ot histamine revealed 80 degrees of free hy- 
drochloric acid. The basal metabolic rate 
was -+ 8%. A routine urinalysis was negative, 
and the urea clearance rate was normal. 

A roentgenogram of the thorax showed 
slight left ventricular enlargement. Roentgen 
studies ot the stomach and duodenum re- 
vealed a deformity of the first portion of the 
duodenum with an assoc iated small pseudo- 
diverticulum. A barium enema and small 
bowel series were normal. An electrocardio- 
Cram Was within normal limits. 

The patient was treated with a modified 
ulcer program and the epigastric discomfort 


Vormal Range 
100 ml VaCl (gm./100 ml 
(0.44—0.49 
0.42—0.49 
0.40—0.46 


0.39—0.45 
O.3S 0.44 
0.36—0).4] 
0.34 O35 


disappeared, Based on the morphologic ab- 
normality of the red cells, a diagnosis of 
Because of | the 
macrocytosis the patient Was given an ade- 
quate therapeutic trial with parenteral vita- 
min By and oral folic acid. There was no 


elliptocytosis was made. 


retic ulocyte response and ho subsequent im- 
provement of the anemia. In addition iron 
therapy was given by mouth on an empirical 
basis for 2 months but without improvement 


of the anemia. Splenectomy was recom- 
mended, but in the absence of symptoms was 
refused by the patient. 

Red cell survival studies were carried out 
with the radioactive chromium (Cr!) meth- 
od. The technique of tagging the erythro- 
cytes with Cr! was that described by 
Ebaugh, Emerson and Ross®. The study was 
performed by reinjecting 50 ml. of the pa- 
tient’s own blood, after labeling with ap- 


proximately 80 microcuries of sodium 
chromate (Cr®!). Figure 2 demonstrates 


impairment of the erythrocyte survival with a 
half-lifel4.2 of 18.5 days as compared with 
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half-life 


4 ) 
>) 


the for normal red cells of 33.1 


Discussion. A study of this patient's 
blood demonstrated ovalocytes,. ellip- 


tocytes, and microspherocytes. In ad- 
dition, an increased osmotic and 
mechanical fragility, and shortened 


survival time of the 


erythrocytes were 
found, 


Although the familial nature of 
this patient's disease could not be def- 
initely established, of the 
erythrocyte deformity strongly sug- 
that the elliptocytosis was of 
the hereditary rather than of the“ 
tomatic” The of micro- 


spherocytes and the increased osmotic 


the severity 


gested 


symp- 


ty pe. presence 
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increased saline $,4,6,10 


12,13 


osmotic fragility 
. It is probable, according to Dacie*, 
that evidence of hemolysis will always 
be found in those cases where sphero- 
cytes occur. It has been demonstrated 
that not only are the microspherocytes 
osmotically more fragile, but also that 
the erythrocyte fragments have an in- 
creased fragility*. Therefore, 
based on Dacie’s observations, approx- 
imately 40% of our patient’s red cells 
might be considered pote ntially more 
fragile than normal (Table 1, Fig. 1), 
and thus perhaps ates be destroved 
more rapidly than the other red cells 
in the population. However, the eryth- 


osmotic 


fragility does not necessarily indicate rocyte survival study in our pi atient 
PABLE 1.--DIFFERENTIAL ERYTHROCYTE COUNT O 
PERIPHERAL BLOOD 
Type Percentage 
I Round cells 3.7 
Ila Oval cells 15.6 
IIb Microcytic oval cells 2.0 
Ila Elliptical cells 23.1 
Iitb Microcytic elliptical cells 4.5 
Va Cigar-shaped cells 8.8 
IVb Microcytic cigar-shaped cells 0.5 
\ Microspherocytes 16.0 
VI Cellular fragments (schizocytes 25.8 


in admixture 


of elliptocytosis with 
hereditary sphe rocytosis trait. Accord- 
ing to Dacie*, sphe rocytosis and micro- 
cytosis as seen in hereditary elliptocyto- 
the result of an increased ex- 
pressivity of the gene for elliptocytosis. 
Others" are of the opinion that sphero- 
ytosis is secondary to erythrocytic frag- 
mentation. In our patient other causes 
f° ‘symptomatic’ 


luded, 


thalassemia, 


‘IS are 


" ovalocytosis were ex- 

pernicious anemia, 
hypochromic anemia of 
Rundles and Falls'®, and the abnormal 
iemoglobin diseases. 

Although blood from our patient had 
in increased saline osmotic fragility, 
‘vidence in the literature suggests that 

hemolytic anemia in elliptocytosis 
nay occur with either a normal or an 


such as 


survival curve which would 
not suggest a double population in 
which a portion of the red cells were 
being destroyed more rapidly than 
other cells, as might occur if the micro- 
spherocytic and fragmented forms were 
the sole cause of the hemolytic proc- 
ess. The survival curve indicated rather 
that the entire red cell population had 
a diminished life-span and that all 
cells were destroyed at essentially the 
same _ rate. Accordingly, microcytic 
elements may have contributed to the 
hemolysis but they were not the en- 
tire expl: ination for the anemia. 

In hemolytic disorders, anemia us- 
ually occurs only when the total life- 
span of the erythrocyte is diminished to 
15 to 20 days, the normal marrow be- 


showed a 








ing able to compensate to this degree 
by increasing the rate of erythropoiesis 
approximately seven times the normal 
output*. If the cell 
survival oul patient does not 


this is true, red 
time 1n 
to be shortened to 


anemia. It is difficult to ex 


appeal sufficiently 
produce 
plain, therefore, why this patient with 
a bone marrow which showed erythroid 
hyperplasia could not maintain a nor 
mal hemoglobin level when the ervth 
rocyte survival time was roughly one 
half normal 

with 
hemolytic anemia, the life span of the 
elliptocyte is of 
the elliptocyte survival time were cat 
ried blood 
patients with elliptocytosis into normal 


associated 


In elliptocytosis 
considerable | signifi 
cance first attempts to measure 


out bv transfusing from 
recipients with st bsequent determina 
tion of th percentage of abnormal cells 
the blood by 
visually or photomicrographi 
' Studies based on this method 
suggested that elliptocyte survival time 
shortened. The accu 
method is still in doubt 

apparently was the first to 
; survival of elliptoevtes bv the 
Ashby technique of differential agglu 
tination. He found an ervthrocyte life 
span of 100 to 110 days in a patient 


remaining in 
them 
cally? 


observing 


was significantly 
racy ot the 
Trinick 


study 


with 90% elliptocyte s. Berlin) and 
Hedenstedt' transfused blood from a 
patient with elliptocytosis into 2 nor 


mal recipients and studied the red cell 
survival by both the photomicrographic 
and Ashby methods simultaneously in 
each recipient. With the photomicro 
graphic method one-half of the ¢ llipto 
cytes could no longer be distinguished 
after 15 to 
Ashby 
eliminated from the recipient's circu- 
lation in a linear fashion and 50% of 
the transfused cells could still be ob- 
served after 47 days. They explained 
this discre pancy by assuming that the 


whereas by the 
method the elliptocytes were 


20. davs. 
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round 


elliptocytes gradually became 
when transfused into a normal recip- 
ient. This hypothesis has not been con 
demonstrated that el 


liptical cells disappeared very rapidly 


firmed. Letman!! 


from the circulation, but found the sur 
vival curves by the morphologic and 


bv the Ashby 
parallel He hypothesized that more 


tec hniques were not 


rapid destruction of the most elliptical 
cells accounted for the discrepan y. 
Recently Motulsky et al 
that cell 
mined by the differential agglutination 
method 117, 45 103 


respectively in 3 patients with ellipto 


reported 


red survival times, as deter 


were and days 


evtosis. In 2 of the patients they com- 
pared the results obtained by the Ash 
the 


( lose 


by method with visual counts of 


elliptocytes and found | fairly 
agreement between the two tec hniques 
Phe patient having the shortest survival 
time (45 davs) had i mild compensated 
hemolvtic process 


Hurley and Weisman* 
Ashby technique 


by al modified 
observed a survival 
time of approximately 60 days, when 
blood with 
elliptoc vtosis was transfused into a nor 
Strumia et al 


parallel survival study with chromium 


from ad NOnAMeIIIC donot 


mal recipient using 


tagged cells (autosurvival in a splen 
ectomized patient ind survival in a 
normal recipient ) demonstrated a much 
shorter survival time in the normal re- 
cipient than in the splenectomized pa- 
tient. Apparently, as Strumia 
out, the recipient's — spleen 


plaved an active part in removal of the 


points 
normal 


more altered cells from the circulation 

It thus appears that elliptoc vtes ma\ 
have a normal survival as observed in 
most 


instances, or a shortened survival 


which mav or mav not be associated 


with anemia. 

It is tempting to hypothesize that 
those patients showing short survival 
of the elliptocytes are homozygous for 
the trait, those 


elliptocvtosis while 
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showing a normal rate are hetero- 
zygous. This hypothesis cannot be test- 
ed in the present instance since the 
patient's parents are dead. If the hy- 
pothesis of homozygosity and _hetero- 
zVgosity is true, elliptocytosis is similar 
to other hereditary hemolytic anemias 
such as sickle cell anemia. A case of 
severe hemolytic elliptocytosis in a pa- 
tient presumably homozygous for the 
trait (both of the parents carried the 
trait for elliptocytosis and were non- 
anemic ), has been re porte “dl by Wvandt, 
Bancroft, and Winship**. On the other 
hand, cases of hennelntie elliptocytosis 
have been re porte ‘d which were hetero- 
zygous*'®, only one parent’ carrying 
the elliptocytosis trait. Therefore, the 
explanation for the anemia and short 
survival time on the basis of homozv- 
gosity alone is untenable. Perhaps the 
condition is comparable, as Motulsky 
et al.’® suggest, to the minor forms of 
thalassemia where survival time is nor- 
mal in some patients heterozygous for 
the thalassemia trait, while in others. 
ilso heterozygous for the trait, survival 
time is mildly to moderately shortened 
ind there is a variable hematologic 
picture. According to Motulsky et al.'* 
the variable hematologic picture seen 
n heterozygous carriers 6f thalassemia 
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or elliptocytosis is usually explained by 
postulating incomplete penetrance of 
the respective gene. It is also possible 
that the association of the elliptocytosis 
trait with some as yet unrecognized ab- 
normality may be responsible for the 
anemia in some cases. In this regard 
it is interesting to note that Strumia 
et al.’s'* patient with anemia had thal- 
assemia minor as well as elliptocytosis, 
and Dacie® gives two examples of ellip- 
tocytosis associated with superimposed 
blood disease, one patient having par- 
oxvsmal pocturea! hemoglobinemia, 
the other an autoimmune hemolytic 
anemia. Although the patient presented 
here had no evidence of thalassemia 
minor or any other associated disease, 
this possibility cannot be entirely ex- 
cluded. 

Summary. A case of elliptocytosis 
with an associated uncompensated he- 
molytic process, and a decreased eryth- 
(half-life of 
18.5 days) measured by the sodium 
chromate (Cr°!) method is presented. 
The literature on red cell survival 


rocvte autosurvival time 


times in elliptocytosis has been re- 
viewed. The present case of elliptocyto- 
sis is the first reported with a proved 
short autosurvival time. 
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Elliptocytosis: Un Studio de Superviventia Erythrocytic per Medio de 
Chromium Radioactive (Cr°' ) 


Es presentate un caso de elliptocytosis associate con non-compensate anemia 
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VENTILATORY AND LUNG VOLUME DETERMINATIONS 
IN PATIENTS WITH CHEST DEFORMITIES *°* 


By Harry N. Iricovicr, M.D. 
RESEARCH FELLOW 


AND 


Harotp A. Lyons, M.D. 


ASSOCIATE PROFESSOR OF MEDICINE 


from The ¢ ardiopulmonary Laboratory, State 


University of New York College of Medicine 


it New York City, and the Kings County Hospital, Brooklyn, New York) 


PuysioLocic studies are rarely re- 
ported on patients with chest deform- 
ities and free of symptoms of a pulmo- 
nary or cardiac nature. This is a study 
of the ventilatory and lung volume 
measurements in 7 patients with tho- 
racic deformities of different types. It 
is not a complete study, but one to 
ndicate the patterns of physiologic 
cntilatory and volume changes to be 
xpected in this type ot patient. 

Seven patients with chest deformities 
vere studied: 2 patients with kypho- 
2 patients with Marie- 
Strumpell disease, 2 patients with pec- 
tus excavatum, and one patient with 
usion of the spine for correction of an 


( oliosis. 


liopathic scoliosis. 


Methods. All of these patients were ad- 
itted to the hospital or outpatient depart- 
nt for reasons other than cardiorespiratory 
mplaints. Tidal volume, vital capacity, ex- 
ratory reserve, and inspiratory capacity were 
isured with a standard Collins respirometer 
ving low resistance valves. The actual vital 
pacity and timed vital capacity were deter- 
ied with the Collins vitalometer. The 
‘imum breathing capacity measurement 
inade by collection of expired volume 
Douglas bag and the use of a Hans- 
lolph valve (Comroe*). Predicted values 
total lung volume, vital capacity and 
imum breathing capacity were calculated 
the Cournand regression formulas ( Bald- 
Cournand and Richards! and Comroe? ). 


The functional residual volume and the index 
of intrapulmonary mixing were measured bj 
the open circuit method of Darling. 

Clinical Summaries. CAsE 1. ].B. is a cole 
girl, 15 years old. Her scoliosis was first noted 
in 1949. She was admitted to the l niversity 
Division Service of Kings County Hospital in 
1953 with the diagnosis of idiopathic scolio- 
sis. The history gave no cardiac or respiratory 
symptoms; she had a bilateral spinal fusion 
from T, to L, in three stages during the years 
1953 and 1954. The physical examination re- 
vealed diminished breath sounds over the 
right chest posteriorly. The examination of 
the heart was within normal limits. The 
pulmonary function studies were done 5 
months after the last operation. 

The roentgenogram of the chest showed 
scoliosis of the dorsal spine with convexity to 
the right and scoliosis of the lumbar spine 
with convexity to the left. The heart had a 
mitral configuration due to rotation produced 
by the chest deformity (Figs. 1 and 2). 

“CASE 2. C.H. is a 53-year-old colored man 
who was admitted to the University Division 
Medical Service of Kings County Hospital 
in January, 1954, because of swelling of the 
breast that was later diagnosed as gynecomas- 
tia. At the age of 6 he had had Pott’s disease. 
At age 19 he had had an exacerbation of the 
disease with paraplegia. On bed rest there 
was a gradual return of function in both lower 
extremities. In 1947, he developed weakness 
in the right lower extremity. On admission, 
he walked with difficulty. He complained of 
dyspnea after climbing a flight of steps or 
walking half a block. Physical examination 
revealed marked kyphoscoliosis, weakness and 
atrophy of the muscles of the right thigh. The 


These studies were aided by a contract between the Office of Naval Research, Department 


the Navy and State University of New York. 
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\P roentgenogram of the spine of patient J. B. showing in greater detail the 


amount of the spinal deformity. 








20S 


heart was displaced to the left. The hemo- 

globin was reported as 12 gm. 
Posteroanterior-view roentgenograms of the 

che st 


volume of the lungs. The posteroanterior film 


Figs. 3 and 4) show a decrease in the 


of the spine shows scoliosis with convexity 
to the left. Lateral film of the spine shows 
fusion and deformity of the vertebrae from 


r. to I 


CASI > 


with resulting angulation in this area. 


A.D. is a white man, 30 years old 
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tion. There was marked muscular atrophy of 
all extremities. He walk 
brace on the left lower extremity. In Septem- 
ber, 1954, he had a resection of a segment of 
small bowel and ascending colon for regional 
enteritis. The 


‘T he 


could wearing a 


postoperative course Was un 


eventful hemoglobin was reported as 


11.5 gm 
The posteroanterior roentgenogram of the 


chest showed scoliosis of the lumbar spine 





Fig. 3.—PA chest roentgenogram of patient C.H. 


He was admitted to the University Division 
Medical Service of Kings County Hospital 
because of abdominal pain and diarrhea of 
5 weeks’ duration. He had had poliomyelitis at 
the age of 14 months and had had empyema 
of the right chest at the age of 5 years. This 
was drained surgically. He had no cardiac or 
pulmonary symptoms on admission. Physical 
examination revealed severe kyphoscoliosis. 
The trachea was deviated to the right. The 
lungs were clear to percussion and ausculta- 


of the 


lung 


which shows the decreased volume 


with convexity to the left. The lung volum« 
The lateral film of the chest 
showed a marked kyphosis 
CASE 4. S.M. is a white 
who has been seen in the outpatient depart 
ment of the Medical Service at 
Kings County Hospital since 1951. He has 
had arthritis since the age ot 28. He 
plained of stiffness and pain in the 


1S decreased. 
man, 65 years old 
University 
com 
back 


Physical examination revealed that he walke¢ 
stooped. His spine was rigid and he could 
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not extend his head. There was a moderate 
kyphosis of the spine. Examination of the 
heart and lungs was within normal limits. 
The hemoglobin was re ported as 11.5 ym. 

Posteroanterior film of the chest (Figs. 5 
ind 6) shows prominence of the aortic knob 
1 a tortuous aorta, compatible with the 
of the patient. No parenchymal infiltrate 





| A lateral roentgenogram of the spine 


een. The anteroposterior film of the spine 
ws a typical bamboo spine with fusion 
the vertebrae. The lateral film of the spine 
ws the anterior ligament of the spine to 
cak ihe d 
case 5: M.V. is a white woman, 24 years 
who was admitted from the outpatient 
epartment in June, 1954, with the diagnosis 
rheumatoid arthritis and spondylitis. The 
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onset of the disease was 5 years ago. For 
the past 2 years she has had limitation of 
motion and pain in the thoracic and lumbar 
spine. Phy sical examination revealed limitation 
of motion of the neck and back. The patient 
walked in a stooped position. The examination 
of the heart and lungs was within normal 
limits. The hemoglobin was reported as 9 


showing the marked kyphoscoliotic deformity. 


gm. Roentgenogram of the chest showed nor- 
mal pulmonary fields. Roentgenogram of the 
thoracic and lumbar spine showed involve- 
ment of the sacroiliac synchondrosis and oblit- 
eration of the various apophyseal articulations 
of the lumbar and dorsal spine. 

casE 6. H.F. is a white boy, 11% years old. 
He was admitted to the hospital because of 
unexplained thrashing about in bed. One year 
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-AP roentgenogram of the spine of patient S.M. showing the typical bamboo typ: 
pane oO: | ‘ YI yl 
of spinal deformity. 
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previous to admission he had had a grand mal 
seizure. The patient had no cardiorespiratory 
symptoms. He had funnel chest since infancy 
He could stand the same amount of exercise as 
the other boys at school. Physical examination 
revealed a pectus excavatum, The deformity 
involved the lower end of the sternum and 
was 3 cm deep and 6 cm. wide. The lungs 


were Clear to percussion and auscultation. The 
| 
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infancy. The examination of the lungs was 
otherwise normal. While he was in the hos- 
pital, he had a left lumbar sympathectomy 
and the amputation of two toes, with an un- 
eventful recovery. The hemoglobin was re- 
ported as 11 gm., while the posteroanterior 
roentgenogram of the chest showed no par- 
enchymal lesion. The heart was in midline. 
The lateral film of the chest showed the 





Fig. 7 PA view of the chest of patient 


H.F. showing normal pulmonary fields and 


displace ment of cardiac shadow to the left. 


heart was displaced to the left. The hemo- 
lobin was reported as 13.5 gm. 

Phe posteroanterior view of the chest (Fig. 

reveals no parenchymal lesion, Lateral film 
of the chest (Fig. 8) shows the deformity 
f the sternum 

case 7. C.K. is a white man, 39 years old, 
who was admitted to the hospital because of 
diabetic gangrene of the left foot. He has 
been a known diabetic for the last 15 years. 
He has had pectus excavatum since early 


deformity of the sternum similar to that seen 
in patient H.F. 

Discussion. An examination of the 
observed values for the maximum 
breathing capacity and vital capacity 
of all 7 patients shows the reduction 
of these values. Figure 9 is a graph 
on which the percentage of predicted 
values for vital capacity and maximum 





















972 The 
breathing capacity are charted. In the 
patients with kyphoscoliosis and Marie- 
Strumpell disease, both the 
pacity the maximum 
capacity are reduced. In comparison 
with the normal predicted values (NL) 


vital ca- 


and breathing 


itera] 
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roentgenographic view of the chest of patient H.F 
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the residual volume. is 
the normal values. This phenomenon 
is probably due to the limitation of 
chest expansion caused by these con 


ditions (Hart et al. and Zudhi and 


} 


because near 


\ high ratio of residual vol- 


L.vons'! 





showing the deformity 


and de pression of the sternum. 


the most striking effect is the reductions 
in these values of the vital capacity 
and the total lung capacity. With this 
finding there is an increase in the ratio 
ot residual volume to total lung ca- 
pacity. The explanation for this must 
be the reduction of the vital capacity, 


ume to total lung capacity is mislead- 
ing in being considered as a finding 
of emphysema. Wright! has cautioned 
against this interpretation without a 
values. In 
emphysema, the total lung capacity 
may be normal or increased and the 


consideration of absolute 
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residual volume but in this 
group of patients the residual volume 
is fairly normal but the total lung ca- 
It this latter 
measurement which is responsible for 
producing the increased ratio. The nor- 
mal intrapulmonary mixing values, the 
lack of dyspnea and only a moderate 


increased, 


pacity is reduced. is 


100% 
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10 per minute (Ogilvie, Stone and 
Marshall'') or were able to use an 


unusually large proportion of their vital 
capacity during this measurement. In 
the patients with Marie-Striimpell dis- 
ease there is very free diaphragmatic 
movement which has been obeseved 
(Hart et al.” and Zudhi and Lyons"* ). 


= 




















SM. MV. HE CK, 


MB.C. [] v.c. 


Graph of the observed maximum breathing capacity and vital capacity as percentages 
of the predicted values for the patients studied. NI 


. represents the normal predicted percentage 


values. 


the maximum breathing 

against the presence of 
emphysema. Because the vital capacity 
reduction is the most significant finding, 
and proportionately much greater than 
the reduction of the maximum breath- 
ing capacity, a restrictive type of ven- 
til: itory pattern is prese nt. 


reduction 
capac ity 


In} 


argue 


The less significant reduction of the 
maximum breathing c: pacity in these 
patients also suggests that they 
could achieve a rate of at least 


That diaphragmatic action contributes 
to three-fourths of the vital capacity 
has been shown objectively by Wade". 

The data of the other 2 patie nts with 


pectus excavatum show that the maxi- 
mum breathing capacity is reduced 
with a normal vital capé acity. Accord- 


ing to Gaensler’s criteria’, these would 
be classified as an obstructive type of 
breathing pattern, and might indicate 
associated emphysema. However, the 
timed vital capacity measurements are 
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within normal limits in the younger These data in the group of kyphosco- 
patient, reduced in the older, and both _ litic patients relate well with the small 
have normal residual volume to total lung volumes visualized on radio- 
lung capacity ratios and both have nor- graphic examination and the necropsy 
mal intrapulmonary mixing measure- reports of lungs weighing 100 to 300 
ments. These findings would rule out gm. less than normal, even when these 
the presence of emphysema, and the lungs were edematous. The inspiratory 
maximum breathing capacity abnor- capacity, expiratory reserve, and resid- 
mality can be explained on the basis of 


ial volumes are also shown. The pa- 
the inability to move air rapidly due to tients with kyphoscoliosis and Marie 
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Fig. 10.—Graph showing the relation of the observed total lun: ipacity and its subdivisions 
as compared to predicted values for the patients studied 


the chest deformity. Also, in both of Strimpell disease show all of these sub- 


these patients, the performance of the divisions to be reduced. In the 2 pa- 
maximum breathing capacity test pro- — tients, C.H. and A.D., with the greatest 
duced chest pain, which may also be reduced values, the expiratory reserve 


a factor in curtailing the degree of | is markedly reduced. It is believed that 
maximum ventilation. In essence, the with progress of the disease, this por 
ventilatory disturbances in these pa- tion of the lung volume may almost 
tients are of the restrictive type. disappear. This low expiratory reserve 

\ comparison of the absolute total with the near normal residual volume 
lung capacities is shown in Fig. 10. produces a small functional residual 
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apacity which may account for the 
exceptionally low intr: ipulmonary mix- 
ing indices found ( Birath?). 

Summary. An examination of the ob- 
served values for the maximum breath- 
ing capacity and vital capacity of 7 
patients — with deformities 
shows the reduction of these values. 
In the patients with kyphoscoliosis and 
\larie Striimpell disease, both the vital 
apacity and the maximum breathing 


thoracic 


apacity are reduced. In comparison 
with normal predicted values, the most 
striking effect is the reductions in these 
tlues of the vital capacity and the total 
ung capacity. With this finding there 
an increase in the ratio of residual 
volume to total lung capacity. The ex- 
planation for this must be the reduc- 
tion of the vital c apacity, because the 
residual volume is near the normal 
ues. This phenomenon is probably 
luce to the limitation of chest expan- 
on caused by these conditions. 
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Data achieved by other means in a 
group of kyphoscolitic patients relates 
well with the small lung volumes vis- 
ualized on radiographic examination 
and by necropsy. Patients with kypho- 
scoliosis and Marie- Strumpell disease 
show a reduction in the inspiratory ca- 
pacity, expiratory reserve, and re ssidual 
volumes. In 2 patients who showed 
the greatest reduced values, the expira- 
tory reserve is also markedly reduced. 
lt is believed that with progress of 
the disease, this portion of the lung 
volume may almost disappear. This low 
expiratory reserve with the near nor- 
mal residual volume produces a small 
functional residual capacity which may 
account for the exceptionally low 
intrapulmonary mixing indices found. 

The abnormalities found are charac- 
terized by a decreased total lung vol- 
ume due to decreased expansibility of 
the chest wall with an accompanying 
restrictive breathing pattern. 
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FIBRINOGEN CONCENTRATION IN VARIOUS CLINICAI 


CONDITIONS 


By SAMUEL LOsNER, M.D 
AND 
Bruno W. VoLk, M.D 
Fro I Albert Research Institute and the Departments of | tboratories and Medicine, 
Jewish Chronic Diseas« Hospital Brooklyn, New York 


\ rAPID determination of fibrinogen 
the 
has been applied to the diag 

evaluation of a 


developed in years by 


I 
authors" 


recent 


nosis and variety of 
clinical conditions such as acute mvo 


cardial intarction, rheumatic fever with 


and without carditis, diabetic and 
arteriosclerotic gangrene, as well as 
some torms ol hepatic disease. This 


method, derived from the photoelectric 
modification of the one-stage Quick 
offers the dual ad- 


vantage of determining both prothrom 


prothrombin time. 


bin and fibrinogen simultaneously. The 
latter is easily calculated from the dif- 
terence in optical densities before and 
after clotting of a 
plastin mixture. It has been shown pre 
that the transmit- 

light at the time of clotting 
correlated with the fibrinogen 


plasma-thrombo- 
viously increase in 
tance “of 
Can he 

concentration by means of an exponen- 
tial function*'. We have been able to 
establish a simple linear relationship 
between plasma fibrinogen and the in- 
Cicasc& 


in optical density". This pro- 


cedure was termed by us “clot density 
method 

Observations. A. ACUTE MYOCARDIAI 
INFARCTION. This study includes 75 pa 
tients (26 women and 49 men 
ages ranged from 38 to 81 and who had 


sustained an 


W hose 


acute coronary occlusion 


Plasma fibrinogen was determined 3 
times weekly. Electrocardiograms were 
taken at frequent intervals. In 29 pa- 
tients whose illness in the initial phase 


76 


appeared particularly grave, anticoag 
ulant therapy was instituted 

The earliest elevation of the plasma 
fibrinogen above normal was encount 
ered 24 ifter the 
Within 48 hours all patients disclosed 


a significant 


hours acute onset 


elevation of fibrinogen 
which continued to increase during the 
first week and reached its peak within 
(Fig. | 


cases, the fibrinogen level gradually de 


t or << days In uncomplicated 
clined during the subsequent 2 weeks 
to reach normal values during or at the 
end of the 3rd week 


of the fibrinogen concentration was ob 


A secondary rise 
served in patients who had recurrence 
ol symptoms or thromboembolic phe 
nomena. In gravely ill patients the max 


mum fibrinogen concentration during 


the first week of illness exceeded 800 
mg. and at times was even above 1300 
mg. pel 100 ml. The mortality rate ir 
this group was 37.9% (11 out of 29 
patients ). On the other hand, the cor 
responding value in patients whos« 


maximum fibrinogen level was less thai 
SOO 100 ml 
out of 46 patients 


mg. per WaS only 8.7 


B. PULMONARY EDEMA DUE TO LEI 
While occasion 
episodes of pulmonary edema due t 
left 
among the 75 patients with acute my 
either at the 
after the 3rd 
a separate group of 8 patients was o 


VENTRICULAR FAILURI 


ventricular failure were observe 


} 


cardial infarction ons 


of the disease or wert 


served with a recurrent form of pulm 
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nary edema. In either instance, the 
fibrinogen concentration was elevated, 
higher with each recurrent 
Thus, the failure of the 


fibrinogen level to return to normal 


md TOS¢ 


paroxysm 


in patients with acute myocardial in- 
farction during and after the 3rd week 
was interpreted as an ominous sign. 

©, CORONARY - INSUFFICIENCY. Twenty 


.F., 


Jary 
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D. RHEUMATIC FEVER IN VARIOUS 


STAGES OF ACTIVITY. Fifty-one patients 
with rheumatic fever, whose age rang- 
ed from 4 to 28 were followed serially 
with determinations of the 
fibrinogen and C-reactive — protein 
(CRP). According to their stage of 
rheumatic activity they were divided 


plasma 


into 4 groups: 
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Plasma = Fibrinogen 


Course f the fibrinogen level in 2 


Doys 


cases of myocardial infarction and one case of 


coronary insufficiency. 


; 


ients with angina pector is were diag- 
sed as coronary insufficiency. In all of 
m electrocardiographic studies re- 
led eithe permanent abnormalities 
transient T-wave changes. 
n none of these patients did the 
hi rinogen concentration rise above nor- 
It usually remained at a plateau, 
iough in some instances it displayed 
ight elevation within normal range 


g, | 


1) Group I consisted of 30 patients 
with a monocyclic type of acute rheu- 
matic fever. All but 4 of this group also 
had rheumatic carditis. 2) Group II in- 
cluded 3 patients with a polycyclic 
type of rheumatic fever and carditis. 
3) Group III comprised 9 children re- 
covering from a recent bout of acute 
rheumatic fever. 4) Group IV consisted 
of 9 patients with inactive heart dis- 
ease. 





> 
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All patients of Group I displayed sig- 
nificant fibrinogen elevations during the 
rheumatic activity. Its 
followed the clinical 


early stages of 
variations closely 
course. In 20 cases the increased fibrin 
ogen level spontaneously declined to 
normal values before the institution of 
steroid therapy. In the remaining 10 
patients it decreased to normal within 


18 to 72 hours after administration of 
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The clinical course of 3 patients in 
II the 


fibrinogen level as did the electrocar- 


Group correlated well with 


diographic changes. Intercurrent— in- 
fections of the respiratory tract were 
associated with a low-grade transient 
rise of the fibrinogen level whereas di 
it 
markedly and consistently elevated. Its 


rheumatic exacerbation was 


ing 


early return to normal presaged clinical 
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Fig. 2 Early return of fibrinogen to normal upon institution of cortisone in patient wit 
icute rheumatic fever and carditis 
fibrinogen level was characteristically Similarly, patients of Group IIL wit 


depressed to subnormal levels during 
cortisone therapy (Fig. 2). Upon with- 
drawal of the hormone the fibrinogen 
level rose again whenever clinical man- 
ifestations of a “rebound” appeared. In 
mild cases of rheumatic fever the “re- 
bound” was associated with a moder- 
ate fibrinogen rise. In severe cases, the 
“rebound” produced a marked fibrino- 
The of 
the fibrinogen level to normal follow- 
indicated that the 
undergoit 


gen elevation. early decline 
the “rebound” 
not 


exacerbation. 


ing 


patient was a rheu- 


( 
} al 


matic 


subsiding rheumatic fever failed to di 
close any undue elevation of the fibri: 
ogen level. 

The 9 patients of Group IV wit 
d 


ease who were studied for possil 


known rheumatic valvular heart 
signs of activity also failed to disclos 
of the fibrinogen 


level above normal. This finding c 


any significant rise 


firmed the clinical diagnosis of int 
current infection 


In 353 simultaneous determinations 


of fibrinogen and CRP of patients wit! 


rheumatic fever, a semi-quantitativ 
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correlation was established between 
both values. In most instances the CRP 
was negative in the presence of normal 
fibrinogen values and positive when- 
ever plasma fibrinogen was increased. 
Exe ptions were, however, encountered 
in patients with upper respiratory in- 
fections or subsiding rheumatic fever. 
In the former 
while the 


ormal 


the CRP was positive 

plasma fibrinogen remained 
In the other group, subsiding 
reflected by 
and fibrinogen levels. 


heumiaty activity Was 


recreasm ( RP 


Diabetic Gangrene of Left Sth Toe with Demarcation 
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evidence of pneumonia. In all instances 
the fibrinogen values were significantly 
normal despite a stormy course, where- 
as the CRP was positive. 

F. DIABETIC AND 
GANGRENE. 


ARTERLIOSCLEROTI 
fibrinogen was 
studied serially in 8 patients with dia- 
betic and in 2 with arteriosclerotic gan- 
vrene. Three of the patients w ith dia- 
betic gangrene failed to improve and 


Plasma 


ultimately died. Their lesions were as 
sociated with considerable elevations of 


the fibrinogen level throughout the 


M.R.,68 yrs. o% 
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Normalization of fibrinogen levels in a patient with diabetic gangrene and demarcation 


7 } } 


diabetic 


e of the two proteins had a tendency, 
vever, to normalize before the other, 
leading to transient dissociations. 
BACTEREMIA. A pronounced dis- 
iation between the values of CRP 
fibrinogen was observed in 5 pa- 
its, 3 of whom had rheumatic valvu- 
heart 
| endocarditis 


disease with subacute bac- 


caused by non- 


nolytic streptococci. The 2 others 


| congenital heart disease and bac- 
mia due to Staphylococcus aureus. 


One otf them also had roentgenologic 


ind terminally increasing fibrinogen values in another patient with spreading 


vangrene, 


period of observation (Fig. 3). The 
remaining 7 patients whose lesions were 
demarcated and subsequently healed, 
displayed an early return of the in- 
itially elevated fibrinogen level to nor- 
mal (Fig. 3). The normalization of the 
fibrinogen values occurred from 3 to 18 
months before spontaneous amputation 
of the affected phalanx took place. 

G. HEPATIC Prothrombin 
times and plasma fibrinogen levels were 
studied in 5 patients with obstructive 
jaundice, in 3 with infectious hepatitis 


DISEASE. 
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with Laennec’s cirrhosis. Pa 


tients with viral hepatitis displayed 


and 1h 


prolonged prothrombin times and low 
normal or subnormal fibrinogen levels 
from the very onset of the disease as 
did the 2 patients with Laennec’s cil 
On the othe 
ponding values in 5 patients with ob- 


normal. At 


fibrinogen level was consid- 


rhosis hand, the corres- 


structive jaundice were 
times, the 
erably elevated when the clinical pic- 
ture suggested superimposed cholan 
gitis. In 
diagnosis was corroborated by a 
other 
Discussion. Among the various pro 
available to the 
fibrinogen concentration, precipitation 
methods? 


constant by 


all patients of this group the 
bat- 
tunction tests 


tery of livei 


cedures determine 


sedimenta 
the ultra 
as well as elec trophoretic® 


determination of 
tion means of 
centrifuge 


retractorimetric gravimetric-’, tu 


bidimetric colorimetri¢ and Kjel 
dahl methods have been utilized 
throughout the vears. Aside from the 
technical difficulties which some of 
these methods entail, they frequently 


fail to separate fibrinogen from other 


proteins leading to an overlapping of 
the various fractions*. Similarly, ele 
t ophoreti analysis has revealed that 
small amounts of beta and gamma 


«lobulins are carried together 
with fibrinogen*. The method which we 
elaborated" is a thrombinogeni 
As such it is very likely that 


it determines fibrinogen only, since it 


along 


have 


procedure 


is defined as the plasma protein which 
forms fibrin under the action of throm 
bin \loreover, since the entire pro- 
cedure can be completed within 5 min- 
utes, it is believed that the speed of 
the method the 
protein de gradation, thus enhancing its 
The the 


“clot density” range from 5 to 15, cor 


eliminates factor of 


accuracy normal values of 
responding to fibrinogen levels varying 
from 210 to 390 mg. per 100 ml. 


Recently, the changes of a number 
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of blood constituents in acute myocat 
dial infarction have been the subject of 
clinical and laboratory stuclic s, Some of 
them are enzymes widely. distributed 
throughout the human body, such as 
and serum aldo 


the 


. Their concentration in serum 


SGO-transaminase' 


lase, as recently reported by 
authors®* 
rises Whenever cellular disintegration 
occurs as in myocardial infarction due 
to the release of enzymes by necrotic 


While it that an 


these enzymes in serum is 


tissue!!! seems 
mcrease ot 
the immediate result of myocardial in 
jury, subsequi nt changes in globulins! 
CRP'° 
and 

(ESR 
of repair and healing. This distinction 


mucoproteins™ fibrinogen’! 


ervthrocyvte sedimentation — rate 


24 probably represent the phase 


between the two groups of blood con 
stituents may account for their different 
after the 
acute injurv lead only to a short-lasting 


duration. Enzymes released 
elevation in serum not exceeding 4 o1 


5 days, whereas the various proteins 


remain elevated for 2 weeks or more 
From a clinical viewpoint it seems that 
neither one nor the other group alon 
can adequately reflect the myocardial 
injury. The underlying pathologic proc 
ess certainly extends over a longer p 
riod than that during which these en 
into the blood 
therefore, believed that 


tests determining enzyvm« 


zvmes are released 
It is, 
battery ot 


as well as fibrinogen levels may 


stream. 


sup 
plement the electrocardiographic find 
ings so as ultimately to provide a bet 
ter profile of the clinico-pathologic: 
entity of acute myocardial intarction 
The ESR although still widely used i 
the evaluation of this condition in o1 
experience has failed to indicate th 
severity of an acute myocardial infar 
tion and particularly so in massive it 
farction with hemoconcentration®®, On 
the other hand, 


we 
gen 


the maximum fibrin 
the clinical 
events rather accurately. The explan 


concentration reflects 
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tion advanced by us on clinical grounds 
mainly, that the fibrinogen level may 
indicate the extent of the infarcted area, 
has been confirmed in experimental 
studies in dogs*'. A semiquantitative 
relationship has thus been demonstrated 
area of necrosis and the 


peak of the fibrinogen concentration. 


between the 


In coronary insufficiency, the persis- 
tently normal fibrinogen level has been 
of great diagnostic help in contrast to 
the ESR and CRP which both may be 
tbnormal in this condition’. 

Whereas the decline of the fibrinogen 
concentration during the 3rd week 
icute myocardial infarction has been 
taken to indicate a favorable prognosis, 
ts failure to return to normal values has 
been found to be associated with recur- 
rent thrombosis or complications such 

left ventricular failure or thrombo- 
mbolic phenomena. Whenever pulmo- 

ivy edema occurred, it caused a 
further increase of the fibrinogen level. 

Phe dual advantage of simultaneous 
etermination of prothrombin time and 
fibrinogen by the “clot density” method 
vas of particular help in carrving out 

nticoagulant therapy with hypopro- 

rombinemic agents such as Dicu- 
marol, Hedulin or Tromexan. None of 
ese anticoagulants affect the fibrino 
n concentration although they pro- 
undly interfere with prothrombin pro- 
ction. 
In acute rheumatic fever, the fibrino- 
it le vel lower 
n in acute myocardial infarction, is 
siderably 


although generally 


elevated in accordance 

th the acuity of the rheumatic proc- 
ess!) A relatively benign monocyclic 
course is indicated either by a sponta- 

us decline of the fibrinogen level be- 
instituting steroid therapy or else 
in early normalization of the fibrino- 
1 at a low level after the administra- 
tion of cortisone. The subnormal fibrin- 

n concentration of patients under 
st-roid therapy has been attributed to 


FIBRINOGEN CONCE 


NTRATION IN CLINICAL CONDITIONS DS] 


a nonspecific effect® upon fibrinogen 
production. We have been unable to 
demonstrate this phenomenon in_nor- 
mal children’. 

At the termination of a “rebound” 
fibrinogen is the first plasma protein to 
decline to normal level, thus presaging 
further clinical improvement. Although 
the CRP and fibrinogen have their place 
at different points in the plasma _pro- 
tein spectrum, a considerable degree of 
parallelism of both has been observed 
in acute rheumatic fever. During sub- 
siding rheumatic fever the fibrinogen 
level may return to normal a day or two 
before the CRP. 

In upper respir atory infections sus- 
tained by patients w ith rheumatic heart 
disease the CRP is usually positive de- 
spite absence of rheumatic activity 
while the fibrinogen level remains nor- 
mal. The observation of a normal fibrin- 
ogen level and a markedly positive CRP 
in a group of 5 patients with acute and 
subacute bacterial endocarditis leads to 
the conclusion that bacteremia alone is 
not sufficient to increase fibrinogen pro- 
duction. This phenomenon is of par- 
ticular interest in the presence of fever 
and the septic course of a disease. Cel- 
iular disintegration due to inflammatory 
or necrotizing lesions seems to be the 
only distinct cause of hyperfibrinogen- 
emia. 

An early decline of the fibrinogen 
level in patients with diabetic and ar- 
teriosclerotic gangrene seems to indi- 
cate demarcation of the lesions. In con- 
trast, rising fibrinogen concentrations 
are associated with spre ading gangrene 
ultimately ending fatally with  septi- 
cemia, renal failure and terminal bron- 
chopneumonia. 

In 1935, Quick and associates demon- 
strated that the prothrombin time is 
prolonged in the 
types of jaundice**. 


plasma of various 
Experimentally, it 
was shown later that hepatotoxins pro- 
duce a prothrombin deficiency as de- 








ISD The 
termined by the two-stage prothrombin 
method?*. Further studies on the differ- 
ential diagnosis of various ty pes of liver 
revealed that factor 
elevated in obstructive 


by Owren”" 
V is normal o1 


jaundice 


lise ciS¢ 


In contrast, acute hepatitis is 
associated with a considerably lowered 
concentration of factor V. Similarly, his 
data to that while the 
prothrombin level was always reduced 


seem indicate 


n parenchymatous jaundice, it was 
mostly normal in the early phase of ob 
structive jaundice only to decline sub 
seque ntly 


In 


time 1s 


the 
the early 


our experience prothrombin 


normal in stages of 


obstructive jaundice while it. is 


pro 


longed in parenchymatous jaundice 
\oreover, the simultaneous determina 
tion of the fibrinogen level revealed 
that the association of a low fibrinogen 


] 
with prolonged prothrombin time 1s 
] 


strongly suggestive of viral hepatitis 
This seems to be particularly significant 
because both prothrombin and fibrino 
formed in the liver?*. In early 
obstructive jaundice, on the other hand, 
the asso 


time 


Veh are 


iation of a normal prothrom 
with a elevated 
differential 


The fibrinogen 


bin normal or 


fibrinogen level can be of 
diagnostic significance 
tend to 
with supervening cholangitis 


Summary. | 


value S 


increase considerably 


The fibrinogen level as 
letermined by the rapid ‘clot density” 
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method was studied serially in patients 
with acute mvocardial infarction, coro 


nary insufficiency, rheumatic fever in 


various stages of activity, acute and 


subacute bacterial endocarditis, dia 


betic and arteriosclerotic gangrene as 


well as in cases with hepatic disease 
2) In acute myocardial infarction the 
maximum fibrinogen level indicates the 


ot 


the severity of 


extent the mvocardial damage and 


a clinical condition 


,) 


3) Coronary insufficiency can be 


readily differentiated from myocardial 
infarction by the fibrinogen level which 
remains normal throughout 

icuity ol 


1) In rheumatic fever the 


the disease correlates well with the 
fibrinogen level 

5) The fibrinogen level remains nor 
mal in bacteremia due to acute or sub 


acute bacterial endocarditis while the 


CRP is markedly 
6) Demar« 


positive 
| 


ition of a @al CTeCnOoUs le 


sion 1s pre saged by an early decline of 


the fibrinogen to normal 

7) Parenchymatous jaundice is asso 
ciated with subnormal fibrinogen value 
usually 


distinctly el 


whereas obstructive jaundice 


reveals high normal o1 


} 
evels 


vated fibrinogen 


8) The serial determination of fibrin 
ogen has proven to be a useful tool in 


the diagnosis, pi ind 


tbove 


MOTIOSIS manage 


ment of thi ondition 
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SUMMARIO IN| INTERLINGUA 
Concentration de Fibrinogeno in Varie Conditiones Clinic 


Le rapide methodo a “densitate de coagulo” esseva usate in le studio serial 
nivello de fibrinogeno in patientes con acute infarcimento myocardial, insuffi- 
entia coronari, febre rheumatic in varie stadios de activitate, acute e subacute 
ndocarditis bacterial, gangrena diabetic e arteriosclerotic, como etiam in casos 
e morbo he patie. 
). In acute infarcimento myocardial le nivello maximal de fibrinogeno indica 
rado del lesion myocardial e le severitate del condition clinic. 
lusufficientia coronari es promptemente differentiabile ab infarcimento myo- 
rdial per le nivello de fibrinogeno que remane normal durante le integre curso 
ille condition. 
t. In febre rheumatic, le acuitate del-morbo monstra un bon correlation con 
vello de fibrinogeno. 
5. Le nivello de fibrinogeno remane normal in bacteremia debite a acute o 
acute endocarditis bacterial, durante que le proteina reactive a C es marcate- 
rite positive. 
Le demarcation de un lesion gangrenose es precedite per reduction del nivello 
fibrinogeno a valores normal. 
lctero parenchymatose es associate con subnormal valores pro fibrinogeno 
rante que ictero obstructive revela usualmente nivellos de fibrinogeno que 
ilte sed ancora normal o distinctemente elevate. 
Le determination serial de fibrinogeno se ha provate utile in le diagnose. 
nose, e manipulation del supra-listate conditiones. 














































NUMBER OF BLOOD CULTURES NECESSARY 








TO DIAGNOSE 


MOST CASES OF BACTERIAL ENDOCARDITIS 


By James Bexut, B.S., 


M.S 


AND 


BurtTON A. WaAISBREN, M.S... M.D 


CLINICAL INSTRU(¢ 


rOR OF MEDICINI 


the Infectious Disease Control Unit of the Department of Medicine of the Milwaukee 
( nty General Hospital and the Marquette University School of Medicin 
Milwaukee. Wisconsin ) 
[HE purpose of this investigation how many blood cultures it was ne¢ 
was to gain information regarding the — essary to draw before a positive result 
number of blood cultures it is worth was obtained. This information should 


while to draw from patients suspected 
of having subacute bacterial endocar- 
ditis 


organism 


It would be ideal if the causative 
could be identified 
of endocarditis, but the problem 


in each 
Calst 
often faced by the clinician is how long 
he should wait before beginning ther- 
rhe of this 


disease makes it apparent that therapy 


apy long natural history 


need rarely be begun as an emergency 


Osler However, the mortality rate 
of subacute bacterial endocarditis re- 
mains above 25%, and mycotic aneu- 
rysms, ruptured valves, septic emboli 


and intractable heart failure occur with 
the 
Furthermore, 


increasing frequency as disease 
progresses (Friedberg? ) 
it has been well established that during 
certain phases of this disease the blood 
is consistently free of bacteria (Libman 


and Friedberg®). Therefore, if a pro- 
longed search for a positive blood cul- 
ture is pursued in each case of subacute 
bacterial endocarditis, not_only will it 


futile, but. 


be frequently in certain 
cases, the resultant delay in therapy 
will be harmful to the patient 

In this report 82 bacteriologically 


proven cases of subacute bacterial en- 
docarditis were studied to determine 


Ditco 


284 ) 


help one make a decisicn as to when 


to stop drawing cultures and to start 
therapy in cases in which bacterial 
endocarditis is the most likely diag 
nosis. 

Material and Methods. The records of 82 
cases of bacteriologically proven bacterial en 
docarditis who were seen at the Milwaukee 
County General Hospital between 1938 and 
1954 were examined. The age and sex of the 
patient the causative organism prio! therapy 
the number of blood cultures necessary t 
make the diagnosis and the percentage of 
the total cultures that were positive were 
noted in each cass All blood sai iples wert 
of venous blood and the usual procedure wa 
to inject 5 ml. of blood into 20 ml. of tryptoss 
phosphate or beef infusion broth. Contan 
inated cultures were not included in tl 
study 

Seventeen cases of subacute bacterial end 
carditis in which the diagnosis was we 
established but in which repeated culture 
were sterile wer elected for omparis 
with the bacteriologically proven Cases 

The 82 cases were divided into those d 
to Streptococcus vu lans and those in whi 
there were other « sative organisms 


of the 
were female and 62 were male. The 
(Table ] 


The causative organism was Strept 


Results. Twenty §?2 patient 


ages ranged from 16 to 7] 
nonhemo! 


coccus viridans in 35 cases, 
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tic streptococci in 15, and Micrococcus 
pyogenes in 28. Other organisms were 
found in 4 cases. Three of the patients 
infected with Streptococcus viridans 
ind § of those infected with other bac- 
teria had received penicillin prior to 
the time that the first blood culture 
was drawn. The amount ranged from 
0,000 to 8,600,000 units. These patients 
are designated as “treated” in the tables 
Fables 3, 4 and 5). 


rABLE 1 AGE RANGE OF 82 PATIENTS 
WITH = BACTERIOLOGICALLY PROVEN 
BACTERIAL ENDOCARDITIS 
tue 
i %0 21 0 +] GO 61 SO 
4 3 14 


PABLE 2.) SPECIES OF BACTERIA THAT 
CAUSED THE 82 CASES OF BACTERIAL 
ENDOCARDITIS 


The numbers of blood cultures nec- 
essary to diagnose the 82 cases are 
shown in Table 3. It is important to 
note that 52 of the cases were diag- 
nosed by the first culture and it was 
in only 6 cases that more than five 
were necessary. Of these six, five were 
due to organisms other than Streptococ- 
cus viridans and three had _ received 
previous treatment with penicillin. 

The percentages of total cultures 
that were positive are shown in Table 
{. It can be seen that, in the absence of 
previous therapy, over one-half of the 
cultures showed growth. Previous ther- 
apy, as might be expected, appeared 
to reduce the percentage of positive 
cultures (Tables 3 and 4). Endocar- 
ditis due to Streptococcus viridans was 
particularly apt to vield a positive cul- 
ture within the first five samples 
(Table 5) 


No. of Table 6 compares the number of 
( five Organisn Cases blood cultures drawn in 17 cases of 
Nireplococeus viridans ae) “bacteria-free” endocarditis with the 
Nonhemolvtt strep 15 i 
y; se ae la 2x number necessary to make the diagno- 
D pneumonia 2 sis in the 82 culturally proven cases. 
j , nfl enn P, 2 ° 
ts ghey ae Only 8% of the latter required more 
mram-neg woul Hennes . . 7 ‘< 
than four blood cultures for diagnosis, 
TABLE 3 tHE NUMBER OF BLOOD CULTURES THAT WERE NECESSARY TO 
DIAGNOSE THE 82 CASES OF BACTERIAL ENDOCARDITIS 
| 1 Vaumber of Sam ples 


| ntreated 

Treated ** 

Untreated 
Organisiis 

Treated 


Total 


f 
1 ; ; yf 5 fj ? S ) 


Number of cases in which sample was 


the first one posrtire 


21 5° 2 3 l 

2 6 2 } l l l 
l l l 2 

32 12 t 7 1 2 I 3 


For instance in 5 cases of previously untreated endocarditis due to S. riridans 
the first blood culture was negative and the second one was positive 


Treated cases mean those in whom penicillin had been given before the blood 


cultures were drawn. 
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of the “bacteria-free” cases 


than four negative cultures 


whereas 58 


nad more 


his comparison suggests that at least 


some ot the so-called “bacteria free” 


Cases 


fall into a group separate from 


the cases in which four blood cultures 


were sufficient tor diagnosis. 


The case in which 34 cultures were 
drawn had all the criteria for bacterial 
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endocarditis and responded very well 
to therapy (Table 3 Since it was such 


a “classic” case, numerous cultures 
were taken at various times during the 
day to see if. by shee persistence al 
be obtained. The 


crowth in 


positive « ulture could 


failure to obtain spite ot 


tever, a high sedimentation rate, hema 


turia, a changing heart murmut 


t pal 


TABLE 4 THE PERCENTAGE OF CULTURES THAT WERE POSITIVE 
\ P 
] \ ( P ( / ( 
/ { ( ( Draw) ly ( ( 
Untreated 2 4] | 
‘ Treated t 
Othe Untreated 42 316 
Other nisn lreated ) 75 Zt 
l SY O65 
I} erage of cultures that Were 4 9 
re 1 cases mean tl whor n | 
were drawn 
PABLI THE NUMBER OF CASES IN THE VARIOUS GROUPS INO WHICH THI 
DIAGNOSIS WAS MADE WITHIN THE FIRST FIVE CULTURES 
Ni Ov) () 
D I Diagno . D hI D . 
} } \ } N } 
I | Un ] i ] Un re | l 
ty Li) 
ted cases mean those in whom penici ih 
were drawn 
LABLE ¢ \ COMPARISON BETWEEN THE NUMBER OF CULTURES NECESSARY TO 
MAKE THE DIAGNOSIS IN BACTERIOLOGICALLY PROVEN CASES OF ENDOCARDITIS 
AND THE NUMBER OF CULTURES DRAWN FROM THI BACTERIA-FREI CASES 
aml f Bact le ly Proven Case Vaumbe f“B ( i 
D by Each Numbe f alture Each N ( H B D 
\ Vu } s 7 f 
52? 60 t) 0 
14 16 | ) 
} $ 2 l 
j q 10 2 1] 
] ] 6 ) 
) ? 1) t) 
I l | ) 
0 0 0 0 
> 0 {) 
() 0 ? 11.75 
() 0 - 11.75 
} 0 0 l 5.9 
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pable spleen and a subsequent response 
to therapy, certainly suggests that this 
patient was in the so-called “bacteria- 
free phase of his disease’. 

Discussion. The results of this study 
are in essential agreement with those 
of other workers. Beeson, Brannon and 
Warren showed that organisms are dis- 
charged into the blood stream at a 
regular rate and this helps explain the 
high percentage of positive cultures in 
the bacteriologically proven cases'. They 
ilso noted a higher bacterial count in 
terial blood than in venous blood'. 
\lallen, Hube and Brenes, on the other 
hand, found no advantage in arterial 
ver venous cultures, but pointed out 
the advantages of bone marrow cul- 
tures tor the diagnosis of bacterial en- 
locarditis®. Both bone marrow and 
irterial taken 
outinely on the medical service of the 
\lilwaukee County General Hospital 
luring the past 3 vears and as vet we 


cultures have been 


ave failed to be impressed with re- 
ults obtained from them. 

Kelson and White reviewed the lit- 
rature and found 71% of blood cul- 
tures positive in cases of bacteriologi- 
ally proven bacterial. endocarditis. 
his is higher than the over-all per- 
entage of 41 positive cultures found 

this study. Libman and Friedberg 
so cited a higher figure and state that 

5 to 90% of cultures are positive in 
roven cases®. The fact that some of 

ir cases had previous therapy with 

tibiotics may explain the lower per- 
ntage m our series. 

The method of investigation used 

d not take into consideration the 

ditional number of cases of bacterial 

docarditis that might have been diag- 
sed had more blood cultures been 
ken. There is little doubt that the 
umber drawn in a hospital population 

ill be directly related to the number 

cases of bacterial endocarditis that 

diagnosed, and this study in no way 
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invalidates this truism. However, in the 
established cases in which no blood 
cultures were positive, it did not appear 
as if the failure to obtain a_ positive 
result was due entirely to the lack of a 
sufficient number being drawn. Thus 
the data do make it reasonable to begin 
therapy in a suspected case of bacterial 
endocarditis after a limited number of 
blood cultures have been drawn and 
support the concept of Libman of a 
definite abacterial phase in certain 
cases”. Because of this it has become 
our convention to draw five venous, 
one arterial, and one bone marrow cul- 
tire in a suspected case of bacterial 
endocarditis. If these are negative and 
it the patient meets the criteria for this 
disease advanced by Friedberg*® (an 
unexplained fever of 2 weeks’ duration 
in a patient with valvular heart disease 
and normal sinus rhythm), we are of 
the opinion that it is justifiable to be- 
gin therapy with adequate doses of 
penicillin and streptomycin (Finland? ). 
Our data should not be construed as 
discounting in any way the desirability 
of obtaining an etiologic agent in a 
particular case of bacterial endocarditis. 
It is suggested, however, that if five 
blood cultures are already negative 
there is a considerably decreased 
chance of obtaining a positive result, 
and this should be considered when 
the decision is made regarding the time 
to begin therapy for a particular pa- 
tient. 

Summary and Conclusions. In 77 of 
$2 cases of bacteria! endocarditis, the 
first positive blood culture was ob- 
tained within the first five cultures. 
Fifty-two of the cases were diagnosed 
by the first that was drawn. In no 
cases were more than ten cultures nec- 
essary to make the diagnosis. Forty- 
one per cent of all cultures that were 
drawn were positive. 

This study indicates that after five 








PSS Phere 


sterile blood cultures there is a decreas 
ing possibility of making a_bacterio- 


logically proven diagnosis of subacute 
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circumstances it is justifiable, therefore, 
to begin therapy in order to reduce 
valve damage and other complications 





bacterial endocarditis. ° Under these of this disease. 
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SUMMARIO E CONCLUSIONES IN INTERLINGUA 


Le numero de Culturas Sanguinee Necessari pro le Diagnose del Majoritate del 
Casos de Endocarditis Bacterial 


In 77 casos de un series de 82 casos de endocarditis bacterial, | prime positive 


cultura sanguinee esseva obtenite inter le prime cinque culturas Cinquanta-duo 
casos esseva diagnosticate super le base del prime cultura obtenite. In nulle 
caso esseva necessari pro le diagnose plus que dece culturas. Quaranta-un pro 
cento de omne culturas obtenite esseva positive 

Iste studio indica que post cinque sterile culturas sanguinee le probabilitate 
decresce de un diagnose, bacteriologicamente verificate, de subacute endocarditis 
bacterial. Ergo in iste circumstantias il es justificabile comenciar le therapia a 


fin de reducer damnos al valvulas e le altere complic ationes de iste morbo 
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One of the major problems of clinical 

has been the 
Dietary 
svnthe tic 
utilization of the 


( urial 


Tic dic 11 


( cle That 


management of 


control sodium, the 


use ot resins as well as the 


xanthines and mer- 


diuretics have been major fac- 


tors in edema control. The induction 


of diuresis by injection of mercurial 
preparations is the most rapid, effective 
nd reliabl available 
Parenteral injections, however, are 
vithout risk 
son necessitates frequent clinic 


( thic c 


method today. 
not 
Proper medical supervi- 
and 
visits which are costly and time- 


consuming. Self administration is dif- 
ficult and limited to the more intelli- 
ent patient 

In an attempt to overcome these 
lificulties investigators have contin- 


ed to search for an oral preparation 
s effective as the parenteral mercurials, 
vhich could be given tor long intervals 
ithout effects. In 
umber of 1 mono and 1 


this search a 


dialkyl-6- 


side 


ninouracils have been synthesized 
Kattus, Newman and _— Franklin®, 
ipesch and Schroeder’, and Van 


\rman et al Included in this series 


Supplic d by G 


DIVISION, 


Veterans Administration Hospital, 
University 


LD). Searle & Company, Chicago, Illinois. 


VETERANS ADMINISTRATION HOSPITAI 


Michigan, and 
Detroit, Michigan ) 


Dearborn 
Mi dic Irie 


School of 
were two substances which appeared 
to possess potent diuretic properties 
(Greiner and Gold*, Hellman, Altchek 
and Enselberg*, Kattus, Arrington and 
Miller and Griffith’, 
and Llovd-Thomas’ ). 
were referred to as 1- -propyl-3-ethyl-6- 
aminouracil and |-allyl-3-6-aminouracil. 
Further revealed that each of 
these experimental products was a mix- 


Newman’, and 


Spencer These 


studies 


ture of two isomers, and separation of 
these isomers was accomplished for the 
purpose of determining which of these 
tour substances was the most efficient 
(Winter!!). The single isomer thus se- 
lected was identified as l-allyl-3-e thyl- 6- 
aminotetrahydropyrimidine ‘dione ( Mic- 
tine) and may be represented by the 
structural formula on the following | page. 

This pre pari ition cannot be considered 
as “potent” as parenterally administered 
mercurial diuretics but the diuretic re- 
obtained administra- 
tion is in the majority of instances 
quite adequate. The edematous patient 
without salt depletion apparently re- 
sponds best to its use; and it may be 
without 


sponse from. its 


used danger in edematous 






























































294) The American Journal of thre 
states associated with liver or kidney 
damage, although the response in such 
individuals is not predictable. It pro- 
duces less potassium and _ chloride 
than do the mercurials, the 


latter ion seemingly being excreted in 


diuresis 


equimolar proportion to sodium. It is 
believed to act primarily by inhibiting 
the reabsorption of sodium ion by the 
tubule (Dettelbach!' ). 
systems involved in this action 
are not known; neither carbonic anhvy- 


renal The en- 


ZVINne 


drase nor succinic dehydrogenase are 
involved (Gilbert and Flack? ). 
H—H 
li—< ( 
H—N 
() 


Methods. Therapeutic trials with this prep 


undertaken in edematous hos- 
pital patients in the Cardiology Section of 
the Veterans Administration Hospital, Dear- 
born, Michigan The 


was the 


aravion were 


criterion for selection 


presence of 3 plus pitting edema 
\ majority of the selected cases represented 
edema management with littl 
to the usual diuretic 
Sixteen cases of congestive heart failure or 


cirrhosis with edema studied. The 


proble ms in 


response measures 


were pa- 
tients with congestive heart failure were all 
receiving maintenance doses of digitalis. After 
a control period of 3 days on a 200 mg 


sodium diet Lio gm ot 


l-allyl-3-ethyl-7- 
aminote trahydropyrimidinedione (Mictine) was 
thre« divided 


1 period ot 3 days 


doses with 


The 


administered in 
meals for clinical 


] 
d ally 


course weight, intake, output, and 24- 
hour urine loss of water, sodium, potassium 
and chlorides were recorded prior to, and 


during the observation periods in eleven pa- 
tients. Serum chloride, 
carbon dioxids combining power, and _ blood 
urea nitrogen measured in these 


same patients before and during drug admin- 


sodium, potassium, 


were also 
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istration. Toxic reactions and clinical improve 
ment were also recorded 

Six additional cases including one prey iously 
treated, were placed on the same regimen 


studies were not carried out 


but electrolyte 


in this group These cases were followed by 


24-hour urine excretion and we ight loss Toxic 


also recorce ad 


SV mptoms were 


Results. In an attempt to evaluate the 
results of this investigation the diuretic 
Kattus® 


ployed. However, it soon became ap- 


index as derived by was em 


parent that in many of the cases diure 
sis Was occurring in the control period 


} 


as evidenced by weight loss and. uri 


() 

il 
N—H 
It 


nary output. This may have been more 
pronounced in the patients under in 
vestigation because the sodium restric 
tion was more severe than in the groups 
studied by Kattus. In the latter study 
no attempt was made to evaluate fluid 
intake and water was permitted ad-lib 
Water is a known diuretic 
tions in intake may 
obtained. In 


and varia 
well influence the 
this 


desired. 


results study wate 


but the 
many mm 


was permitted as 


amount was recorded. In 
stances intake varied significantly from 
day to day despite no attempt to force 
or restrict fluids. This could possibly 
be explained by the fact that many pa 
tients become interested in their own 


balance studies and unconsciously 
ingest more fluid. 
Correction for the diuresis occurring 


in the control period was attempted 











iS 


follows: The average weight loss per 


day during the test period (Table 1). 


the results were graded as follows: 4 


pounds per day, 4 plus, 3 pounds per 


] 


av, 3 plus, 2 pounds per day, 2 plus, 


| pound per day, | plus. 


The average fluid intake per day 


vas subtracted from the average fluid 


output per day during both the control 














Caccamo et al.: 
















MICTINE—A NEW ORAL DIURETIC IY] 


over 2.000 scored 4 plus. No change 
in the Kattus made for 
evaluating the sodium loss. With re- 
spect to sodium excretion an average 


scoring Was 


Caily increase while on the drug of less 
than 25 mEq. scored 0, 25 to 50 mEq. 
scored 2, 100 to 150 mEq. scored 3 and 
over 150 mEq. scored 4. Table 3 por- 
trays the average sodium loss. 


PABLI CORRECTION FOR DITURESIS OCCURRING INO THE CONTROL PERIOD 
tru eight Loss 1; Weight / ) 1 i eight Los 
per Day Control pe Day 1% Day above Control 

i] ‘Dp ! pounds pounds pounds ) 
it i 
| 16 216 2 
16 L Z/i¢ 1 3/12 
i) ‘ i) 
\ P 
} 0 1 | ay 
1+ 6 ) > 116 
11 ‘ 
{ ; 1/4 } > 4 
( rt 1o6 > 2 
| 
| LG > 1/3 rp ise 
( 
0 14 14 
\I i 
1/3 2 1/2 116 
2 1/12 176 5 
. 1 V3 1 3/4 o/12 
) 0 1 1/4 1 1/4 
) 156 25 116 
| 0 l V/s 
l 1/2 p o/G e i/3d 
1s 16 13 1/2 
If ad . M4 
96 Ib. day 


Average weight loss during test 


0 Lbs 


i peat test in same patient 


test pr riods. This difference was 
nsidered the corrected average fluid 
s per day for both periods. The test 
riod minus the control period was 
nsidered the average increase in fluid 
itput while on the drug (Table 2). 


his was scored as follows: less than 


1) ml. scored 0, 200 to 500 ml. scored 
plus, 500 to 1,000 ml. scored 2 plus, 
10) to 2,000 ml. scored 3 plus, and 


It is true that the above calculations 
do not adequately correct for the diure- 
sis occurring in the control period since 
it assumes that this is a constant figure 
for both the test and control periods 
which is, of course, not correct. How- 
ever, it is felt that this more adequately 
interprets the results and gives a more 
conservative evaluation of the diuresis. 
A comparison of the diuretic indices 
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PABLE 2. AVERAGE INCREASE IN FLUID OUTPUT WHILE ON THE DRUG 


1 j-Hour Fluid A t-Hour Fluid I / ,-H 
Loss Contro Loss Test Test Minus Cont 


Rheumatic 


l 277 1008 731 
2 1S 1173 760 
12 8350 
Arterioscleroti« 
$ t 117 SO2 919 
14 + 633 192 +1 
Hypertensive 
6 ' SSO a1) 1255 
16 + 15 t 145 220) 
Lueti 
15 503 163 1056 
Cor pulmonale 
Mvoearditis 
5 is > $40) 
13 213 1168 951) 
( } 
. 93 S78 785 
Ss t+ 6623 + 1102 79 
) 785 71 ISS 
10 } SO5 } SOY 
1] £OD gOS 1308 
17 1a S40 6458 
IS +f 563 2 
r O45 
ooO0 


Average fluid loss da durin test 0 n 


’ Repe it test in same patient 


rABLE 3 AVERAGE SODIUM LOss WHILE ON THE DRUG 
Urine S ] ] Vin 
1 t-Hour Urine ! t-Hour Urine ( P 
Sodium Control Sodium Test 
H tp yn / 
RI n 
| 53 » 24 ae fo 118 
ee 12 2.47 2 35 102 
12 0] 13 12 0 
Arteriosclerotic 
} 1.06 1 82 0 76 
Hype ( 
6 O4 5.00 + 06 177 
Cor pp ilmonal 
) O4 OF Os l 
M vocarditis 64 1.80 1.16 0 
( } 
7 2.22 2 82 62 27 
8 1.36 1.60 24 l 
4 O4 02 | OL i @ 8 
10 73 29 } +4 L149 
| O2 77) 93 a 
12 | 415.5 
4+ OG 
\verage sodium loss/day during test 34.6 mEq 
*** Repeat test in same patient 
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' the Kattus method 
and by the modified technique are 
shown below. 


calculated by 
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congestive heart failure. This consti- 
tutes 68.8% of the cases treated. The 
average fluid loss per day was 590 ml. 









































Kattus Tndea Vodified Indes 
\ ( Indea Per Cent Vo. of Cases Indea Per Cent 
1] 31.2 t I] 25.0 
| 31.2 5 I 31.2 
' 0 25.0 | 1) 31.2 
lf 16 
WEIGHT URINE RC. 
en Rheumatic Heart Disease 
ee -LITERS 
175 a 
171 4 . 
167 3 Y A 
163 2 
159 ' 
155 Le) 
68 
80 
SODIUM 72 
MEQ/LIT 64 
ee 56 } 
48 
POTASSIUM 40 
-MEQ/LIT. 39 
—— a 
16 
8 
1) 
‘ 2 [AVERAGE FLUID INTAKEO|@ AVERAGE FLUID INTAKE — 3000cc 
DOSAGE ; aS pr y wer hon 
GRAMS S$C3497 f Sc 3497 j 
i@) -— + + + t > T ’ T T 7 ¥ T T \ om | 
5+ 
] Z Viel dl dbildddldtittdititttdts™, - 
joFluid intone - | 47Scc /Daye| ¢——— Fiuid intone - 3000cc /Day me ae 
201 UM 44 
JRAMS/24 HOURS 
o——0 3 


POTASSIUM 


| 

| 
SRAMS/24 HOURS 27] 7 

| 














Oot 
| 
® SC 5497 ~ Searle Code No for Diuretic 
ry y 
Fig. ] 


Since an index of | 


represents an 
ypreciable diuretic response and in- 
ces of II and above represent excel- 
nt diuresis, it is fair to state that this 
rug appears to have had a definite ef- 
tin 11 out of 16 cases of cirrhosis and 


roe ee 
2345 67 8 9 1011 12131415 16171819202! 2225 


DAYS 


Modified diuretic index 0. Fluids forced. 


and the average weight loss (0.96 
pounds) approximately one pound per 
day. These figures suggest that a 3-day 
course of the drug would compare 
favorably with one 2-ml. injection of 
a mercurial diuretic. 
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There was no excessive output of —monium chloride produced a very sat 
potassium nor any significant fall in isfactory diuresis (Fig. 2 The third 
serum potassium levels. Included are 3 chart of rheumatic heart disease K 
prepared graphs illustrating the varied H.) represents a good diuretic respons 





spectra of results observed. In one in- to the drug (Fig. 3 
stance otf rheumatic heart disease With regard to the side cffect pro 
R.¢ which failed to exhibit a diu duced by the drug indicated by 
WEIGHT —- URINE ‘ ie 
POUNDS VOLUME sagas oe 
o—e LITER . — 
be 604 i 
a 11e———@. Ay: 
304 v7, 2 O67 e 
39 S47} { j LJ 
37 Za" RAAT eh. PFIP FIP. 48) 
. ——— a 
204 
SODIUM i g4 /\ 
MEQ/LIT. j¢] mS \ 
ee 144 ™ / \ 
124 \ \ 
POTASSIUM 0-4 \/ \ 
es v rn \ R 
M.EQ | 8-4 \e —~ , % 
ss 64 AL ‘ ow, » 
44 / \ aes 
“led +4 | 
posaGE  * a : 
[RAMS 34974 3497 ‘| 
0 +— — EEE 
1234567 6 91011121314 
DAYS aaa 
46 4 Gus 
y AS a | 
WLLL ZA | cea 
SOD!UM 44 } HLORIDE 
GRAMS /24 HOURS | t MIN 
oe 3] 
POTASSIUM _ /\ 
GRAMS/24 HOURS 27 / " / sf 
/ me aa, 
234567 8 9 101! 1213 
DAYS 
« ‘ ” 
Fig. 2 Modified diuretic index | 
retic response on the first course of the nausea and vomiting), it can be said 
drug, a satisfactory diuresis was ob- that 69% had either none or minimal 
tained when fluid intake was increased reactions: 18% had a severe reaction 
Fig. |] In 2 cases of cirrhosis, one with severe nausea, but were able t 
of which is represented graphically continue taking the drug; and 12% had 
Ak who failed to respond to the — to stop taking the drug because of 
compound on the first course, adminis nausea and vomiting 
tration of the preparation with am- Summary and Conclusion. A nev 
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oral diuretic identified as l-allyl-3-ethyl- 


6-aminotetrahydropy rimidinedione has 
been tested in edematous hospital 
cases. Aftet in adequate control period, 
1.5 om. of the drug was administered 
n 3 divided doses for a period of 3 


MICTINE—A NEW ORAL DIURETIC PO 


of the cases. The Kattus diuretic index 
was modified to more adequately grade 
the diuretic response in these cases and 
the drug was found to give an appre- 
ciable response (indices I, IL or 111) in 
68.8% of the cases. 


FH- 
Rheumatic Heart Disease 









RINE 
we r 7 
, 7? VOLUME 
ee LITERS 
116 36 + 
114 ad f 
112 28 ‘ 
TA 
110 24 AAA 
108 =. 2.0 WE i 
4 4 4 Zz 
106 1G Pancha nap aah 
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ssace | 2 
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Fig. 3.—Modified 


ys. Eighteen therapeutic trials in 16 
ses of congestive heart failure or cir- 
osis were undertaken. An appreciable 
iretic response Was obtained as evi- 
need by an average daily fluid loss 
590 ml. and an average daily weight 
s of approximately one pound. Side 
fects as indicated by nausea and vom- 
ng were found to be present in 30% 


diuretic index I] 


The results obtained in this small 
series certainly suggest that the prep- 
aration possesses substantial diuretic 
properties, but its use is limited by the 
side reactions. It has been noted that 
repeated courses of the drug or pro- 
longed therapy increase the tendency 


for nausea and vomiting to occur. 
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SUMMARIO IN INTERLINGUA 


Un Evalutation Therapeutic de 1-Allyl-3-Ethyl-6-Aminotetrahydropyrimidinediona 
(Mictina), un Nove Diuretico Oral 


Un nove diuretico oral, identificate como 1-allyl-3-ethyl-6 aminotetrahydropy 
rimidinediona, esseva essavate in edematose casos hospitalisate Post un adequate 
periodo de controlo, 1,5 g del droga esseva administrate in tres doses durante un 
periodo de tres dies Dece-octo essavos therapeutic in 16 casos de congestive 
disfallimento cardiac o cirrhosis esseva interprendite. Un appreciabile responsa 
diuretic esseva obtenite: le perdita diurne median de fluido esseva 590 ml, e le 
perdita diurne median de peso esseva approximativemente un libra. Effectos 
lateral, manifeste per nausea e vomito, esseva notate in 30 pro cento del casos 
Le indice diuretic de Kattus esseva modificate pro obtener un plus adequate 
gradation del responsa diuretic in iste casos. I] esseva constatate que le responsa 
evocate pel le droga esseva appreciabile in 68.8 pro cento del casos (indices | 
Il, e Ill 

Le resultatos obtenite in iste parve serie indica certemente que le preparato 
possede considerabile qualitates diuretic. Nonobstante, su uso es limitate per 
le reactiones lateral. Esseva notate que repetite cursos del droga o su uso 


prolongate tende a augmentar le occurrentia de nausea e vomito 











EFFECT OF CAROTID SINUS DENERVATION ON ARTERIAL PRESSURE 


RESPONSE TO TETRAETHYLAMMONIUM CHLORIDE IN 
NORMOTENSIVE MAN 


By J. W. McCussin, M.D. 


W. James Garpner, M.D. 


AND 


IRVINE H. 
by ry thre Re 
Clini Foundation and the Frank E 
Section of the carotid sinus and 


iortic depressor nerves produces se- 
vere, chronic hypertension in labora- 
tory the carotid 


sinus nerves alone does not. The lat- 


animals: section of 
ter procedure does, however, result in 
pronounced increase 1n depressor re- 
sponse to TEAC (tetraethylammonium 
chloride ), pentomethonium and hydra- 
and MeceCub- 
bin®, McCubbin and Page’). This en- 


sinophthalazine (Page 
hancement of depressor responsiveness 
in dogs led us to suggest that carotid 
sinus denervation might be an experi- 
mental approach to control of hyper- 
tension in those patients who do not 
respond adequately to depressor drugs'. 
But whether carotid sinus denervation 
causes enhancement. of depressor re- 
was not known: 
the present report indicates that the 


ponsivene SS In man 


procedure mcreases depressor respon- 
veness to TEAC in man as it does in 


OUS 


Methods. Four patients were studied. The 
irotid sinuses were denervated in three by 
itracranial section of the ninth , 
the other by section of the sinus nerves 
| carotid stripping. All patients were white 
ales, had progressive muscular dystrophy, 
| 


nerves and 
r 


id were 21, 14, 29 and 25 years of age; 
irotid sinus denervation was performed in 
1 unsuccesstul effort to confirm the report 

Meurer? describing the beneficial effect 
in this disease. The cardio- 


the procedure 





Pace, M.D. 


search Division and the Department of Neurological Surgery of the Cleveland 
Bunts Educational 


Institute, Cleveland, Ohio 


vascular systems of all patie nts were assumed 
to be normal on the basis of history, physical 
examination, radiographic and_ electrocardio 
graphic examination 


Arterial 
patients supine 


were recorded with th 


A Peterson catheter connected 


pre ssures 


to a strain-gauge manometer was inserted 
through a needle into a brachial artery and 
a graphic record made with an ink-writing 


recorder. No sedation was 


TEAC 
Was inje cted into an antecubital vein in doses 
of 2.5 or 1.0 mg./kg 


necessary. 


during 3 or 4 seconds. 


Result. One patient was given test 
doses of TEAC before and then 10 days 
after denervation of the carotid sinuses 
by intracranial section of both ninth 
nerves: recovery from operation had 
been uneventful. Figure 1 shows the 
it will be noted that 2.5 
mg./kg. of TEAC before operation 
caused modest falls in both systolic and 
diastolic pressures, more marked after 
the first than after the second injection 
as is characteristic. After intracranial 
section of the ninth nerves, less than 
ene-half the previous dose of TEAC 
(1 mg./kg.) caused dramatic and pro- 
longed fall in both systolic and diastolic 
pressures. The patient had no discom- 
fort or apprehension during the re- 
sponse. Denervation of the carotid 
sinuses was apparently complete after 
intracranial section of the ninth nerves: 
pressure over either sinus caused fall in 
arterial pressure and slowing of heart 


re Spt mses; 


( 297 ) 
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rate betore operation; the same pro 
either 
pressure or heart rate after operation 
Fig. | 

There was no opportunity to test the 
other 


cedure caused no change in 


3 patients before denervation of 
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pletely unlike the normal response. It 
seems reasonable, therefore, to assume 
it to be the result of carotid sinus de 
nervation. Operation resulted in ap 
parently complete denervation in all 
patients, for pressure over the carotid 


the carotid sinuses by section of the sinus caused no change in arterial pres 
sinus nerve and carotid stripping in sure or heart rate. They were tested 
one and by intracranial section of both one, two and four weeks respectively 
ninth nerves in the other two. They atter operation, Figure 2 shows the 
are included in this report because the — effect. of repetitive doses of TEAC 
postoperative response pattern is com- 1 mg./kg.) on arterial pressure in 

8.P CONTROL 
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en ats “ya 
pressure on carotid 
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t TEAC 2.5 mg Kg 
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pressure on corotid t TEAC 1 mg Kg 
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Fig. ] Response to TEAC much enhance 


t 14 MIN 


| ‘a 
mm.Hg = * x > 
+9 MIN + 12 MIN +10 MIN 
| 2 Repeated large de pressor responses to TEAC (1 mg./kg 2 weeks after denervation 
carotid sinuses. Times at arrows refer to intervals between injection 


d 10 days after 
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\icCubbin et al.: CAaRoTip sinus 
one patient 2 weeks after denervation. 
Instead of usual small initial response 
followed diminution and then 
versal of response with repeated in- 


by re- 


jections, TEAC gave repeated large 
depressor responses like those observed 
in dogs after section of the carotid 


sinus nerves*. The remaining 2 patients 


showed similar response patterns to 
re peated injections (5 and 9) of 1 or 
kg. of TEAC, 

Summary. While denervation of the 
irotid sinuses does not cause signifi- 


2.5 mg 


cant permanent change in arterial pres- 
sure or heart rate, depressor responses 
to blocking agents 
nd hydrazinophthalazine are much 


several ganglion 


DENERVATION 


ON ARTERIAL PRESSURE 204% 
The mechanism 
of this change is not clear, and the 
change is unexpected, since the aortic 
buffer reflexes are apparently compe- 
tent to maintain normal blood _pres- 
sure and heart rate. 


enhanced in dogs'*. 


The same phenomenon is found here 
to occur in normotensive man: re- 
sponses to TEAC were much enhanced 
after denervation of the carotid sinuses. 
Change in response to TEAC in man 
after carotid sinus denervation is also 
like that in dogs in that repetitive ad- 
ministration of the drug elicits repeated 
large depressor responses instead of 
causing gradual diminution and then 
reversal of response. 
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SUMMARIO IN INTERLINGUA 


Effecto de Disnervation del Sinuses Carotide Super le Responsa del Pression 
Arterial a Chlorido de Tetraethylammonium in le Homine Normotensive 


Durante que disnervation del sinuses carotide non causa significative cambia- 
mentos permanente in le pression arterial o in le frequentia cardiac, illo produce 
n canes un multo elevate responsa al action de varie agentes ganglioblocante e de 
hvdrazinophthalazina. Le mechanismo de iste cambiamento non es clar, e illo es 
nexpectate, proque le reflexos regulatori aortic es apparentemente competente 

mantener normal pression sanguinee e normal frequentia cardiac. 

In nostre experimentos le mesme phenomeno esseva trovate in le homine 
normotensive. Le a chlorido de tetraethylammonium esseva multo 
levate post disnervation del sinuses carotide. Le cambiamento in le responsa 
it droga in le homine post disnervation del sinuses carotide es etiam simile a 
llo de canes in le facto que repetite administrationes del droga evoca grande 

repetite responsas depressori in vice de causar diminution gradual e tunc 
eversion del responsa. 


responsa 


























QUANTITATION OF THE ACTIVITY OF RHEUMATOID ARTHRITIS 


®2 A METHOD FOR SUMMATION OF THE SYSTEMIC INDICES OF 


RHEUMATOID ACTIVITY 


By JouHn Lanssury, M.D. 


PROFESSOR OF} 


I the Department of Medicine 


t 


CLINICAI 


Te mpl 


MEDICINI 


University School of Medicin 


Philade Iphia, Pennsylvania ) 


luis article brings to a conclusion a 
series of studies which, we believe, per- 
mit an entirely new approach to the old 
problem of the 


spread and detormity in cases of rheu- 


evaluating activity, 
matoid disease. We present our findings 


as a basis for further study by others, 
emphasizing that we have outlined a 
method rather than a finished product. 

We are 


has been applied to too tew cases to 


well aware that our method 


permit a conclusive statement to be 
made as to its ultimate value or as to 
of applicability, but this is 


unavoidable 


its range 
because a thorough test 
of the method requires a careful analy- 
sis of data on about 50 cases proceeding 
to a full clinical remission over a_pe- 
riod of many months and comparison 
with a comparable number of cases in 
which no definite trend for better or 
worse is apparent. Obviously this is 
bevond the scope of the average arth- 
ritis clinic and will require the poolin 
of data 


conside1 ible period ot time. We, there- 


a 
numerous clinics a 


trom over 


fore, present a working model of our 
scheme nou hoping to interest others 
in trying it out. 


\ bout 80% of the data used in this and 


our previous studies come from our own 
hospital clinic and personal files over 
the last 10 years. 
important series of data come from the 


A smaller. but crucially 


Association's 
Committee for the Evaluation of New 
Therapeutic Agents who, during 1955 


American Rheumatism 


(at our request as Chairman) under 


took to test a clinic form for collecting 
reliable 


patients 


statistically information on 


rheumatoid receiving gold 
therapy. This quite extensive collective 
effort 


remissions as 


four observed 
data 
which made possible a statistical valida 
tion of intake as a 


measure of pain and of hemoglobin 


produced well 


well as valuable 


daily salicylate 


trends as a valid indicator of progres 


sive recovery. The work of these col 
laborators is gratefully acknowledged 


below.* However, it must be made 
clear that this paper is not an offic ially 
sponsored report either by the above 


committee or by the American Rheuma 


tism Association. 

Because the etiology of rheumatoid 
disease is unknown, its severity (de- 
gree of activity) can only be meas- 


ured indirectly by observing its inflam- 
matory manifestations. These are both 


We gratefully acknowledge the work of the following doctors, who, in co-operation with 
he Committee for the Evaluation of New Therapeutic Agents, furnished observations on a 
total of 33 patients during the year 1955 for statistical analysis. Their names are hereinunder 
listed in alphabetical ordet Drs. N. R. Abrams, B. Blumberg, R. L. Brandt, Ivan F. Duff 
H Galindez | | Hollander, |. G Mayne, W. M. Mikkelse n, Victor Pollo ‘3 Peter & Pulos 
Charles Ragan, Fred B. Rogers, Frank R. Schmid, Charles L. Short, A |. Snyder, Irving E 
Steck, Emmerson Ward, Henry A. Zevely, Morris Ziff, Jack Zuckner 














Lansbury: SUMMATION OF 


Until 
rheumatologists have relied mainly on 


systemic and articular. 


now, 
joint evaluation as a guide to assessing 
the activity of the disease, and, except 
tor the rate, the 
temic manifestations of the disease have 


sedimentation SVS- 
not been taken into account. Our pre- 
vious studies in this series have indi- 
cated that the total extent of both 
joint inflammation and joint deformity 
can be readily summed up and ex- 
pressed as a single percentile figure’. 


PABLE 1. SYSTEMIC MANIFESTATIONS OF RHEUMATOID ACTIVITY 
ARRANGED IN DESCENDING ORDER OF INCIDENCI 
Irerage of Ab- 
/ How Quantitated Ineidence normal F indings 
t lmentation 
Maximum fall of RBC’s in 5 min 100°, of 100 cases 5.6 mm 
utes (Cutler 
Number of aspirin tablets taken OS, of 35 cases 8.5 tablets 
per day 
weakness ( ompression of blood pressure ¢ uff OS*) of 100 Cases SO mm 
inflated to 20 mm. Hg 120 mm 
ning stiffne Duration after rising 97°, of 100 cases 3.5 hours 
Hours after rising before fatigue 74°, of 59 cases $.4 hours 
noted 
nila Hemoglobin below 12.2 gm. ( F) and 15°, of 161 cases 11.2 gms 
13.4 gm. (M 
Hours present per day 28°, of 50 cases 5 hours 
Clinical thermometer 22°, of 76 cases 99.4° F 
S73” «. 
The incidence of the above items and their average values were determined on the basis of ob- 
ved findings at the time of the patient's first visit only. While these values provide enough infor- 
mation to set up a working model, confirmation based on a much larger series of observations is 
des rable 
\lso, we have found that numerous are acceptable on the basis of the 


systemic manifestations of rheumatoid 
ictivity can be objectively measured, 
ind that, of themselves, without any 
reference to joint findings, they are 
capable of detecting a full clinical re- 
We have routinely recorded 
manifestations on our 
patients over a period of a year and a 
half and are fully persuaded as to their 
alue as indices of the activity of the 


mission!, 


these svstemic 


lisease. 


SYSTEMIC 
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In this paper we shall try to show 
the 


tions of 


how various systemic manifesta- 
rheumatoid disease can be 
combined to give a single index of 
total systemic activity. To be acceptable 
as an index of systemic activity, each 
item must be present in the majority 
of cases of active disease and must ex- 
hibit a statistically significant regular- 
ity of trend which correlates with the 
general trend of the disease. The var- 
ious indices of systemic activity which 


above criteria are: Anemia, ESR, Grips, 
Stiffness, Fatigability and Aspirin need. 
The incidence of these and other sys- 
temic manifestations of activity, to- 
gether with their average values be- 
fore treatment was instituted, are given 
in Table 1. 

In Fig. 1, a statistical analysis (by 
Dr. S. M. Free, Jr.°* ) of the various in- 
dices of activity in patients going into 
remission is presented in graphic form. 


We gratefully acknowledge the invaluable work of Dr. Spencer M. Free, ]r., who carried 


ut the statistical analyses, supervised the construction of Table 2, 
egarding the mathematical aspects of the work. 


and gave frequent guidance 


Hy F 
Hg M 
g M. 
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In each case the trend was determined occurred in too few cases tor. statis 
by plotting the data on semilogarith- tical analysis of the trend. However, 
mic paper and finding the median by — insofar as the data can be judged, this 
the method of least squares and then — trend also appears to follow a straight, 


reconstituting the resulting curve on diagonal line. (In some cases, muscular 
standard Cartesian graph paper. It will weakness appears to be irreversible 
be noted that all except hours of morn- and, in such instances, may ber 

ing stiffness decline along a straight, garded as a “deformity” rather than a 
diagonal line. As previously pointed — sign of “activity.” 

out? hours of morning stiffness decline We conclude that the 4 indices pre 
in a concave curve. We were not able | sented in Fig. 1 are quantitatively re 


Trends of Some Indicies of Rheumatoid Activity as 
Remissions are Attained. (Determined by Method 
toe of Least Squares) 


Hrs of AM 
Snffness 


6 Loses \ 








pa ca 
Pe ~ m 
i a ee ; 
| ! ' ! 1 = § —_ 
O 50 /00 150 200 250 300 350 
Days After Start of Treatment 

Fig. | rends of four indices of rheumatoid activity as patients » Into remiussior hi 
were determined by standard biostatistical methods by Dr. S. M. Free, Jr. They indicate that 


the data in question can be reliably observed 


to apply the standard statistical treat- lated to the general trend of the sys 
ment to the index of fatigability be- temic activity of the disease and ar 
cause it happened that the points of therefore,reliably determinable. \t seems 
origin for each curve in the series were likely that both grip-strength and fa 
too close together. But, as far as could _ tigability are also sufficiently reliable t 
be judged, fatigability appears to fol- be included in the list of indices. at 
low a convex parabolic curve which _ least for the time being 

is roughly the mirror image of the TECHNIQUE FOR OBSERVING THE IN 
decline curve for hours of morning pices. The laboratory determinations 
stiffness. In the case of grip-strength, are objective and, therefore, of accept 
a striking decline in muscle weakness able accuracy if properly performed 




















Lansbury: SUMMATION OF 
Phe 5-minute maximum fall of erythro- 
cytes as observed by the Cutler method 
appears to be much more reliable than 
the Westergren readings and therefore, 
if available, we rather 
than the Westergren technique, for 


recommend. it, 


our pres nt purpose. 

ln the case of measuring hand grips 
by compression of an inflated blood 
cuff, it is important that the 
technique be used throughout. 
we have inflated the sys- 
THithh. ol 


Pressure 
cle 
lh OUF Cases 
tem to 20 
isked_ the 


dinary 


mercury and have 
patient to compress an or- 
not pediatric ) cuff 3 


taking the best reading (minus 20) as 


times, 


ur end pot and recording the aver- 


ve for both hands. Observations 
hould be made at the same time of 
dav since there may be considerable 


lifference between morning and after- 
noon streneth. Full co-operation by the 
patient is, of course, essential. These 


readings cannot be considered as a 
of muscle strength be- 
the 


knuckles may also give low readings. 


pure Mmcasure 


cause pain in elbow, wrist and 
Where the grips are mechanically im- 
paired by severe deformity or by  ir- 
muscle atrophy they ‘can- 
“activity” 
ind should, therefore, not be admitted 
to the 


The technique for eliciting duration 


reversible 
not serve as a measure of 


record. 


f morning stiffness has already been 


le scribed and 


presents- no difficulty 
n the great majority of cases. In using 
laily aspirin consumption as an index 
f the severity of pain, one must be 
ure that the patient is taking it to 
relieve pain and not just from habit or 
because it has been previously pre- 


cribed. Likewise one must be certain 


that the patient is not refusing to take 
t because he believes it to be harmful. 
In the few cases where aspirin affords 
o relief it vy cannot serve as 
i index of pain and should therefore 
« omitted from the record. Degrees 


obviously 


SYSTEMIC 


INDICES OF RHEUMATOID ACTIVITY 3505 
of fatigability are judged by the num- 
ber of hours of ordinary activity which 
the patient can undertake after rising 
in the morning before he feels tired. 
This difficult to 
elicit, but, with diligent cross-question- 


information is more 
ing a reasonably accurate estimate can 
usually be made. The neurotic idlers 
and the compulsive workers can usually 
be detected and their misleading infor- 
mation as to fatigability withheld from 
the record. Fortunately they are in the 
minority. 

In general, we may adopt the rule 
that no activity 
which seems unreliable in a given case 
should be admitted to the record. The 
omission of one item should not seri- 
ously weaken the total index, but the 
rejection of two or more items reduces 
the too drastically, 
and, in such cases the method must 
be considered inapplicable. Fortu- 
nately, our experience to date indicates 
that all 6 items can be reliably ob- 
served in the majority of patients. 


index of svstemic 


basic information 


The severity of the varicus indices 
of systemic rheumatoid activity may 
vary considerably sach other in 
individual cases. This seeming dispar- 
ity probably reflects the vagaries of 
the rheumatoid which _ pre- 
dominantly affect now one and now 
another body function. However, the 
indices decline in an 
essentially parallel fashion as the pa- 
tient goes into a remission and their dis- 
parities therefore do not invalidate our 
efforts to sum up all these diverse mani- 
festations of the disease. 


from 
process 


continue’ to 


Before describing a scheme for sum- 
ming up these various indices, it is 
important that the reader should be 
reasonably certain that they are worth 
summing up. Otherwise the whole plan 
will appear futile. If we consider a 
hypothetical rheumatoid patient who 
presents all the manifestations of ac- 
tivity which are enumerated in Table 
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1, we shall that he has active 


disease, even though we 


agree 
are not in 
tormed as the exact status of his joints. 
Conversely, if 6 months later, the same 
patient manifests one) of 


none (not 


these S1gns and symptoms, it seems 
impossible that he can have any sig- 
nificant degree of rheumatoid activity. 
Whatever joint will 
be in the nature of asymptomatic, un- 
resolved thickening “or 


past 


findings remain 
deformities 


caused by rheumatoid activity. 
This does not mean that the patient 
does not have a hidden, smouldering 


lurk- 


ing somewhere in his body. His rheu 


tendency to rheumatoid activity 


unfortunately, 
still with him, awaiting only some ad 


matoid “diathesis” is, 
reactivate it, 
though it is not clinically detectable 

In evaluating this crucially important 
statement, we emphasize ‘again. that 
freedom trom clinically significant rheu- 


verse stimulus to even 


matoid activity is claimed only when 
all the indices are absent. The presence 
of only one index, such as an abnormal 
sedimentation rate, or stiffness after in- 
activity, indicates that the patient still 
full 


On the other hand, we be- 


has active disease and is not in 
remission 
lieve that complete absence of all the 
indices does constitute a clinical remis- 
sion, provided the systemic manifesta- 
tions of inflammation are not being 
suppressed by steroid therapy. (This 
y that | 
should not also be taken into account 
in confirming the point of full remis 


s1on. 


does not imply joint findings 


If the foregoing be granted; and if 
the various indices are quantitatively) 
observable, as we have claimed, then 
the possibility of combining them to 
form a single index of systemic rheuma- 
toid activity seems to be a logical final 
step. To this we shall now address our- 
selves. 

Certain signs and symptoms of sys- 
rheumatoid activity, 


temic notably 


Ve dical Sciences e 
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fever and rest pain (adynamic joint 
pain), may disappear rather early as 
the patient recovers trom the more 
active phases of the disease. If the 
other systemic manifestations of rheu 
matoid activity were likewise found 


to disappear serially as the patient goes 
total 
could be obtained by 


into a remission, an Index of 
systemic activity 


merely adding up the number of posi 


tive items. 

Unfortunately, the various systemic 
manifestations of rheumatoid activity 
do not behave in this manner. Instead, 


that most of 


them decline in a more or less parallel 


our studies have shown 
fashion as the patient improves There 
fore, in order to compute an index of 
total 


to record the degree of severity of each 


svstemic activity, it is necessary 
item and furthermore, to find a way of 


adding these together so that their total 


Or average severity may be recorded 
To do this one must find a common 
denominator for such utterly diverse 


things as sedimentation rate, anemia, 
stiffness, fatigability, muscular strength 
and aspirin consumption 


We believe that the value for the 
average degree of severity of . each 
item obtained on the occasion of the 


initial examination in a series of pa 


tients who had _ not previously been 
treated provides a satisfactory common 
denominator. These average values are 


Table | 


For our present purpose the value of 


recorded in the last column in 


100 is assigned to each average so that 
gradations above and below this point 
may be expressed as percentages 


To compute the Index of Svstemic 


Activity, one refers to Table where 
equivalent percentages for the full 
range of probable observed data are 
arranged for ready reference. One 
needs only to record the percentile 
value of each observation, add these 


and obtain their average by dividing 
their total by the number of items (in 
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PABLE 2. TABLES FOR CONVERTING OBSERVED FINDINGS INTO 
PERCENTILE EQUIVALENTS 
j-min, W ester- 
V/ / ‘ Ixporin Grip Cutler gren 
‘ if? Day Weakness fnemia ESR Sed. Rate 
V // Tal , mm VV‘ Fo. gm Mo, } mm C7 mm C/ 
) s () 0 0 0 280 0 0 13.4 0 0 1.0 0 10 0 
10 14 l 12 270 6 0 13.2 7 0 1.5 10 15 8 
l ) 41] 2 25 260 12 0 18.0 15 0 2 0 20 20 17 
My ) ( es) } 37 250 19 0 12.8 22 0 2.5 30 25 25 
0) 14 60 7 } 50 240 25 0 12.6 0 0 3.0 +0 30 33 
15 4 71 62 250 $1 6 12 4 37 0 3.8 50 35 +2 
i] rT th 6 75 220) $7 12 12.2 +4 0 $0 60 0 50 
a ny t 100 7 87 210 ++ 19 12.0 52 9 4.5 70 ) os 
tS t 0) 114 S 100 200 50 25 11.8 60 19 5.0 80) 1) 67 
() yi 129 9 112 190 56 $1 11 6 67 29 5.5 90 55 75 
71 ; «a 143 10 125 180 62 37 11.4 74 3s 6.0 100 60 3 
) Sf 157 11 137 170 69 +4 11.2 S] $8 65 110 65 92 
how ( 171 12 150 160 75 MO 11 0 SY 37 70 120 70 100 
$0 114 | ISG 13 162 150 S1 o6 10.8 96 67 7.5 130 75 108 
| 129 ro 200 14 1735 140 87 62 10 6G 104 76 SO 140 80 117 
) 14 ) 14 13 187 130 OF 69 1+ O11 SO 8 5 150 85 125 
17 “) 224) 16 200) 120 100 75 10 2 #118 95 9 0 160 90 138 
) 71 17 212 110 106 S] OO 126 105 9 5 170 95 142 
Sf IS 225 100 112 87 9 8 133 114 10 0 180 i00 150 
") 19 237 90 119 94 96 41 124 10.5 199 105 158 
} ah) 250 sO 125 100 Y 4 148 133 1] 0 200 110 167 
) 24) 2] 22 70 151 106 92 156 143 11.5 210 115 175 
22 275 60 137 112 9 0 168 153 12 0 220 120 183 
Ps IST mit 144 119 SS 170 162 12 5 230 125 192 
2+ S00 th 150 125 8 6 178 171 18.0 240 130 200 
25 12 $0 156 131 S 4 S85 IS] 3.5 230 SO 208 
0 162 137 8 2 193 190 14.0 260 140 217 
10 169 144 s 0 200 200 145 270 145 225 
0 175 150 15 0 280 150 235 
15.5 290 
16 0 300 
Phe pe entile equivalents are given in the nearest whole numbers and the scales are arranged by 
t ve value for each item as 100 with Oas normal. The Westergren ESR scale is based 
ta furnished | Drs. Ziff, Duff and Galindez. The scale for hemoglobin values was established 
ilues (Oand 200°, ) and arranging the scale to agree 
PABLI CALCULATIONS OF THE INDEX OF ACTIVITY INO TWO CASES OF 
RHEUMATOID ARTHRITIS 
Case of Mr. R.T.L., Aged 61 Case of Mrs. EH... Aged 26 
1/27/55 S27 56 10.7 55 > 1] 56 
MI. Stif 30 mins 14! Omin. =~ Of! + hrs 114°, 2 mins. = 1, 
fter 2 hrs = 1719 Shrs. = 09 Ohrs. = 229°; 8Shrs. = 0° 
\. per da 7 tabs 87°, + tabs 50%, Stabs. = 100°, Otab. = a, 
mm. Hyg 135 mm 87° 280mm. = Off WWOmm. = 44, 20mm. =~ Of, 
ESR 7 mm 120°, 1.5mm. = 109 9mm. = 160°, #mm. = 60°, 
bin ll 5 gm 70°, 12.8 gm = 22°, 9 7 gm = 114° 12 6 gm = Oo, 
percentage 91, 13° 126°, 10, 
Bot} patients would ordinarily have been considered as being in a full clinical remission 
t the time of the last observation, but the Index shows that slight residual activity was present in 


we believe, is more in accord with the true state of affairs 
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this case 6). This takes only a few min- 
utes and can be done either at the time 
of the patient's interview or later on, 
at one’s leisure, provided all the items 
have faithfully recorded. Ex- 
amples showing the method of calcula- 


bee nh 


tion in two actual cases before and after 
treatment are given in Table 3. 

When recording the basic data as 
illustrated in Table 3, it is of the great- 
est importance that no item should be 
omitted 
datum may invalidate the whole Index. 
We have found that a rubber stamp 
which lists all the items to be observed 


since the absence of even one 


and which can be impressed on the 
patient's record at the time of each 
visit, is an invaluable aid in avoiding 
data 


germane to our present scheme, a rub- 


such omissions. For collecting 
ber stamp as given below in Table 4 
Details 


ind motion pain need not be 


is, for the present, adequate 
ot rest 
re ord d 
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to be relatively static, that is, showing 
no constant trend for better or worse 
These two groups of observations have 
been respectively iveraged fon pul 
poses of comparison and are presented 
in Fig. t. A review ot these 3 charts 
that, at least in the 


studied, the Index appears to reflect the 


indicates Cases 
clinical course of these two groups of 
patients with acceptable accuracy, and, 
at present there is no good reason to 
suppose that it would not also reflect 
the course of the majority of patients 
rheumatoid disease 


with with equal 


accuracy. As to deviations from abso 
lute accuracy, no statement is possible 
because no fixed point of reference is 
available, or even imaginable, in a dis 
ease with clinical manifestations which 
from day to 


varv from hour to how 


dav and from week to week 
In judging the soundness of the pro 
posed scheme, a clear distinction must 


be made between the validity of the 


TABLE 4 RUBBER STAMP FOR RECORDING PERTINENT DATA 
PAIN REST HRS./24 \MIOTION HRS } 
AM. STIFFNESS HRS MINS. JELLING 
ASA ON Ry \D LIB GRIPS R I 
FATIGUE AFTER HRS. WORK ESR HB 
INDEX OF SYSTEMIC ACTIVITY 
Having given what is, we hope, an data themselves and. the validity of 


intelligible de scription of the methods 
by which the Rheu 


matoid Activity is computed, and be 


Index of Svstemic 


lieving each step in the process to be 
logically sound, we are now in a posi 
tion to observe the application of this 
Index to a series of cases of rheumatoid 
arthritis 
Figure 2 depicts the decline in ac 
in 5 cases which attained a full. 


or nearly full 


tivity 
clinical remission. Fig- 
ure 3 shows the course of 8 patients in 
which the activity of the arthritis was 


judged by ordinary clinical impressions 


the method for summing up these data 
We feel sure that the 
mation are, 
cally 


methods of sum 
in principle, mathemati 
: that thev could bk 
used for summing up an entirely differ 
ent set of 


sound and 


data should these ever be 


come — available Improvements — in 
weighting the values for the various 
further 


lining of the values given for joint siz 


systemic indices and stream 
are to be expected, but such modifica 
tions would in no way affect our un 
derlying principles, and these, there 


fore, appear to be of permanent valu 











Course of 5 cases of Rheumatoid Arthritis responding to treatment 
(Basic Program & Gold Salts.) 
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Fig. 2—The course of 5 cases of rheumatoid arthritis proceeding to a remission under treat- 
nent with the “Basic Program” and Gold Salt Therapy as determined by the Index of 
Systemic Activity. In several instances the systemic manifestations showed continued rheuma- 
id activity even though the joint findings indicated a full remission. (Data supplied by 


Drs Duff, Galindez, Lansbury, Mikkelsen, Schmid and Ziff as part of the CENTA program. ) 


200% | 8 cases of Rheumatoid Arthritis with a Clinically Constant Course 
< °- 





| The minor deviations reflect quite accurately the clinical impression 
(indices used in all cases:- HAMS, Fatigue, ASA/day and Grips 
| in some cases the Cutler 5-minute ES/) All observations mode 
without reference to the previous observations 
} 
| 
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The course of 8 control cases of active rheumatoid arthritis as determined by the 
ex of Systemic Activity. These cases showed no definite trend for better or worse as 
ged by ordinary clinical methods. For purposes of comparison the starting point for each 
ve has been brought to the average point (48%). The trend is clearly in the direction 
of a straight line. 

( 307 ) 




















In the case of 
the 
trom 


both the 
manifesta 


the data, 
and articular 
suffer the difficulties com- 
mon to the observation of all biological 
but 


tor this reason because, at pres- 


svstemic 
tions 
phenomena they cannot be _ re- 
jected 
ent, we have nothing to put in their 
place. It is hoped that improved tech- 
niques tor observing the various mani 
festations of the disease will be found 
and that additional indices of systemic 
activity will be discovered since each 
bona-fide Index adds to the accuracy of 
the final average figure. The sum of 
lea] 


JTACeA 


joint inHammation* might well 


be a valuable addition, but. for the 
present, we have excluded it because 
we are not vet convinced that grada 


tions of joint inflammation can be ob 
jectively determined. 
New may be 


eventually devised which will provide 


laboratory methods 
measure of rheumatoid ac- 
tivity, but it seems unlikely that these 
will evel 


an accurate 


replace clinical observations. 
In any case, the validity of new labora- 
tory aids will have to be calibrated 
the kind of Index which we 
have proposed, In the meantime, we, 
theretore 
workable scheme which permits us to 


against 


present our method as a 
express the essential information con- 
the patients with 


rheumatoid arthritis in a quantitative 


cerning status of 


manne! aS follows: 
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its actual application, once it is grasped, 
is simple and practical, and takes very 
little time. Sooner or later this scheme 
will, of necessity, have to be compared 
with existing schemes, notably the offi 
cial the 
Rheumatism Association which is based 
on the 


classification — of American 


stage of anatomical derange 
ment, the classification of functional im 
pairment and gradations in response to 
therapy. This classification, which was 
1949 by Steinbrocker, 


Traeger and Batterman’, put an end to 
| 


introduced in 


a long era of irresponsible therapeutic 
claims in the field of arthritis and pro 
vided a language by which 


could 


with each other concerning the status 


common 
rheumatologists communicate 
of their patients. This important first 
step now has an established place in 
the field of rheumatology. 

The 
posed touches on all three aspects ot 


the 
cially concerned with response to thet 


method which we have pro 


above classification, but. is espe 
apy and provides we believe, a more 
objective and exact determination of 
degrees of improvement. We hope that 
both tested 


neously in the same patients so that the 


methods will be simulta 


merits of each may be clearly and ob 
jectively established and eventually in 
corporated into a single official system 

Summary. In this paper, the author 


brings to a conclusion a series of studi 


CASE OF MRS. k., AGED 35. DIAGNOSIS: RHEUMATOID ARTHRITIS 
Duration l vear 
Systemic Activity 80% (of average degree of activity 
Joint Involvement 51% (of | total possible involvement 
Joint Deformity 9% (of total possible involvement 
The Joint Involvement and Deformity noted above refer to 


the “spread” ot the clisease 


presence Or absence ot 


I 


inflammation and of deformity 


ind 
joint 


take into account only the 
findings. Gradations of joint 
can like WIS be expressed by 


I 


referring to tables given in a previous paper )* 


\lthough the step by step presenta-’ 


this method 
peal complicated and tedious. 


tion of the rationale of 


may ay 
i 


the 
spread and deformity of rheumate 
arthritis. 


on the quantitation of activit 
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dq, The following systemic manifesta- pediatric ) sphygmomanometer cuff in 


tations of the disease have been tenta-  flated to 20 mm. of mercurv. 








e tively accepted as indices of rheuma- These various indices of the degree 
“d toid activity because they can be ob- | of rheumatoid activity are summed up 
Hi served in the majority of cases, and into a Total Index of Activity by re- 
in because a standard biostatistical evalu- ferring to a table in which percentage 
d ation of their respective trends in pa- equivalents for the probable range of 
e tients going into remission shows a observed values is given in terms of 
n regular rate of decline thus indicating the average values found in a large 
to 
aS 
. 200% - 
to —— Average of 5 cases of Rheumatoid Arthritis treated with 
bic Basic Program & Gold Salts. index of activity at start of 
Rx- 102.5% at end of Rx- 12.5% 
0 | 
---- Average of 8 cases of Rheumatoid Arthritis clinically 
ch manifesting no sustained trend for better or worse. index 
ite of activity af start- 48%, af end of period of observation, 
50% 
lS 
t Date furnished by Ors Duff, Golinder, Lonsbury, Mikkelsen, Schmid Ziff 
rs as port of the CENTA program 
in 
12% ~. 
ro Si 
ol in 
De ° 
el ie 
Ore | ta 
of 9O%, 9m on ng wen ntnono wn geese egw ange?” 90% 
hat t| 
Ita =) be 
th S| ° 
1b 3| — 
( | 12.5% 
in o.-—___—__ ' - 
Days after Treatment ——» 240 320 
Ci 
hor { Average of trends, as determined by the Index of Systemic Activity, of a group of 5 
lic es of rheumatoid arthritis proceeding to a clinical remission compared with average trend 
S cases of rheumatoid arthritis in which the course was constant. (Data from same cases 
illustrated in Figs. 2 and 3. ) 
it they are reliably and quantitatively — series of cases. Using this total index, 
bservable phenomena: 1) Maximum the course of 5 cases proceeding to a 
minute fall of erythrocytes by the remission is compared graphically with 
itler method. 2) Grams of hemo- the course of 8 patients whose rheuma- 
obin. 3) Hours of stiffness after rising toid activity remained at a more or 
the morning. 4) Hours of ordinary — less constant level. From these regular 
tivity after rising in the morning be- but strikingly different trends, the 
re onset of fatigue. 5) Number of author concludes that the Index of 
pirin tablets required per day for Rheumatoid Activity is a valid and 
vit ntrol of pain, and 6) strength of grips quantitatively accurate measure of the 
te measured by an ordinary (not a_ activitv of the disease. 














310 The American Journal Of the Medical Sciences © S¢ ple mber, 1956 


Phis Index «¢ Activity may be used — described by the author) to provide an 
along with determinations of the per accurate, quantitative summary of the 
cent of possible joint inflammation — state of patients with rheumatoid arth 
and deformity (by methods previously _ ritis. 
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SUMMARIO IN INTERLINGUA 


Quantitation del Activitate de Arthritis Rheumatoide 


ut 


. Un Methodo pro le Summation del Indices Systemic de Activitate Rheumatoide 
Con iste articulo le autor conclude un series de studios concernente le activitate, 
le diffusion, e le deformitates de arthritis rheumatoide 

Le sequente manifestationes systemic del morbo es tentativemente acceptate 
como indices de activitate rheumatoide, proque illos pote esser observate in le 
majoritate del casos e proque un standard evalutation biostatistic de lor tendentias 
respective in patientes qui entra in le phase de remission monstra un declino 
regular, lo que indica que illos es phenomenos de inequivoc observabilitate 
quantitative. (1) Maximo del reduction de erythrocytos in 5 minutas secundo 
le methodo de Cutler. (2) Grammas de hemoglobina. (3) Horas de rigiditate 
post levar se in le matino. (4) Horas de activitate routinari post levar se in le 
matino, ante le declaration de fatiga. (5) Numero de tablettas de aspirina 
requirite per die pro dominar le dolor. (6) Fortia del prisa manual, mesurate pet 
un ordinari (non un pediatric) manchette de sphygmomanometrocon inflation a 
20 mm’ de Hg. 

Iste varie indices del grado de activitate rheumatoide es summate in un Indice 
Total de Activitate per referentia a un tabula in que le valores observate es 
convertite in le probabile equivalentias procentual super le base del valores medie 
trovate in un grande serie de casos. Per medio de iste Indice Total, le curso 
de 5 casos progredente verso un remission es comparate graphicamente con le 
curso de 8 casos in que le activitate rheumatoide persisteva a un nivello plus o 
minus constante. Ab iste regular sed frappantemente differente tendentias 
autor conclude que le Indice de Activitate Rheumatoide es un valide e quanti 
tativemente accurate mesura del activitate del morbo. 

Iste Indice de Activitate pote esser usate in conjunction con determinatione 
del procentage del possibile inflammation e deformitate articulari (secund 
methodos previemente describite per le autor ) pro provider un accurate summari: 
quantitative del stato del patiente con arthritis rheumatoide. 
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RATHER more than one hundred 


years ago, reports of tumors primary 


n the appendix or ileum began to 
ippear. Some of these tumors were 
loubtless what are now known as car- 
inoid or argentaffine tumors, but the 
lescriptions and _ illustrations do not 
ermit precise pathological diagnosis. 
The first satisfactory description of a 
ircinoid tumor was given by 
ubarsch''®, who in 1ISS88 described 
ises of ~primaren Krebs des Ileum.” 
he gross description of multiple, small, 
hitish nodules in the submucosa and 
uscularis, the microscopical descrip- 
m of nests and strands of epithelial 
‘ls which did not resemble those of 
dinary adenocarcinomata of the gut 
id the excellent illustrations leave no 
uubt that the tumors were carcinoids. 
ie earlier report of Langhans'’* has 
en cited as the first description of 
rcinoid tumor, but the evidence pro- 
led is insufficient to justify the diag- 
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nosis. The name “carcinoid” was intro- 
duced by Oberndorfer'** in 1907. 
Tumors of — the type described by 
Lubarsch had been called “kleine Car- 
cinome,” or “beginnende Carcinome” !**, 
but it was “karzinoide Tumoren” “car- 
cinoid Tumours” which became and 
has remained popular. 

SITE OF OCCURRENCE. Primary carci- 
noid tumors may arise in any part of 
the gastrointestinal tract from the 
cardia to the anus. They have been 
reported in the stomach, the duodenum, 
the jejunum, Meckel’s diverticulum, the 
ileum, the appendix, the cecum, the 
colon and the rectum. They may take 
origin in the gallbladder and have been 
found in teratomata of the ovary and 
testis. Willis*** gives reason for thinking 
that they might arise in the sag 
but as vet no indubitable example of 
a carcinoid tumor primary in the pan- 
creas has been reported. The cases re- 
ported as primary in the mesentery® are 
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probably ( xamples of carcinoids with a 


small primary in the ileum, cecum o1 
appendix and a larger secondary de 
mesentery. 


ot 


posit in the 


some 


adenomata the 


lung are 
described as being of the “carcinoid 
type, but there is no reason to be- 
lieve these are in any way related to 


the true carcinoid tumors*?:*?7 
Case Reports. From time to time, 


reports of cases of carcinoid tumor 
have been collected and tabulated 
Cooke*- listed cases of carcinoid of the 
small intestine published before 1931, 
and Ariel® and Dangremond** added 
to his list. Other writers have collected 
cases of carcinoid primary in the 
stomach' the duodenum!'*', the 
colon* the rectum*™:!88.154 \feckel’s 


diverticulum 
] 


ilX\ 


organs other than the 


auppen malignant carcinoids'**:'5 

and malignant carcinoids primary 
in the appendix*’. The best review of 
carcinoids of the appendix is probably 
still that of Simon!"”. 

In the present paper, no attempt has 
been made to search the literature to 
discover every report of a carcinoid 
tumor. However, many case reports not 


included in the collections cited above 


have been consulted, and have been 
used together with the cases in- 
cluded in the collections to calculate 
the statistics given in subsequent sec- 
tions. To avoid burdening the text 


with over many references, reports not 
included in the collections are listed in 
a tootnot 
with thos 
referred 


and these cases together 
of the be 


to as the “reference cases.” 


collections will 
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SULTS 


figures of thirteen reports?! 
14,148,155 


158,162,220 


appearing between 
1934 and 1954 are summed, of 509 car 


cinoids, 341 (67%) arose in the appen 
dix, 117 (23%) in the jejuno-ileum, 15 
(4%) in the colon, 13 (39 in the 
rectum, 9 (2%) in the stomach, 5 (1%) 


in the duodenum, | (0.2%) in the gall- 
bladder and 5 (1% 


origin. Moreover, each of these reports 


were of unknown 


agrees that carcinoid tumors are found 
most commonly in the appendix, and 
that the jejuno-ileum is the next most 
ot In 
Jac kman”® reported that of 86 carcinoid 


common. site origin contrast, 


tumors, only arose in the appendix, 
and 20 in the jejuno-ileum, but that 
44 took origin in the rectum. 

The thirteen reports quoted above 
all list both 
cases. In five of the thirteen®:7°:80: 155.15 


surgical and necropsy 
it is possible to distinguish between 
the findings in surgical material and 
at necropsy. In the surgical material, 
of 196 IS] (92% 
found in the appendix, and 15 (8% 
took but the 
necropsy material, of 75 carcinoids, 
only 8 (11%) were primary in the ap 
pendix, while 65 ($7 


carcinoids were 


origin elsewhere; in 


arose elsew here 


and 2 (3%) were of undetermined ori 
gin. Once again, the sum fairly reflects 
the findings of the individual reports 

Of the carcinoid tumors found in the 
jejuno-ileum, the majority arise in th 
ileum. In the thirteen reports quoted 
above, 117 carcinoid tumors are listed 
as arising in the jejuno-ileum. Of these 
took origin in the ileum, but 


(6% the 


77 (65% 
] "7 * ) 
only 7 in jejunum. In 3 





DISTRIBUTION. Most authorities agree (28%) instances the exact site of origi 
that carcinoid tumors are found most was not stated. Carcinoids of the color 
; 
frequently in the appendix. If the are also most common near the ileo 
12 primary in the stomach??.57,114,117,155,167,196,197,220,229 JQ) of the duodenum# 
76,14 220.181 of the jejuno-ileum!!,12,17,19,21,35,37, 38, 41, 46, 60,61,66,67,73,80,93,98,100, 102, 1 
2 22 t ‘ $1,147,148,155,167, 171,173,165, 183, 195, 197, 201, 202,207,211, 218, 219,220,222, 231 8 of 
the « lo } s } 148.197 223 9] of the rec tum-- 60,72,79,86 ,95,106,140,141,148,168,176, 180,190,197, 20 
28 960 of the ap pr ndix?.3,7,20,21,60. 73, 85, 109, 114, 141,14 2,148,155,167,173,197 210 7 of the gall 
bladder® 29,09 


a1 «9 


of unknown origin?® 2.120, 148,155 


195,106 


8) 3 of Meckel’s diverticulum!4!.!96.8 of teratomata!.62,78,127, 137, 191, 20 
1 1,163, 14 
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cecal valve, 27 (68%) of 40 examples 


among the reference cases being re- 
ported as involving the cecum. Horn* 
and Ariel’ make particular note of 
the frequeney with which carcinoids 
occur in the ileo-cecal region. 

It also seems that the proportion of 
carcinoid tumors found to be primary 
in the rectum is increasing. Horn*” and 
Pearson and Fitzgerald'* list only 23 
cases published before 1945. Since that 
time at least 86 have been reported. 
Some of the recent reports exclude the 
possibility that in the past carcinoids 
of the rectum were recognized but not 
published 

MULTIPLICITY. Carcinoid tumors are 
often ‘muitiple. In the reference cases 
28% of the carcinoids primary in the 
small intestine were multiple, but less 
than 10% of other extra-appendicular 
carcinoids. In the appendix, only about 
l% of the cases cited were found to 
have multiple — primaries. Primary 

tumors may occur in more than one 
part of the bowel, for example, in the 
ileum, cecum and appendix!'*, In most 

ases, the number of primary carci- 
noids was not great, though in one there 
vere 68 primary carcinoids of the 
leum?"!, and in another “innumerable” 
rimaries in the rectum!*?. 

It might be argued that the multiple 
ircinoids are examples of — local 
netastases from a single primary, rather 
than multiple primaries. This argument 
innot be refuted, but a comparison 
ight be drawn with the multiple 
umors sometimes found in endocrine 
lands, or in the liver. These tumors 
ire usually accepted as multiple pri- 
\aries 
INCIDENCE. Carcinoid tumors are not 
mmon. If surgical and necropsy 
ises are considered together, four 
rge series give in sum an incidence 

0.08% (138 carcinoids in 175,891 
ses), the range being from 0.05% to 


()Y3-7-155,162 Ty necropsied cases, the 
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incidence varies from 0.14% to 0.3477" 
*2155,158" in surgical specimens from 
0.06% to 0.167%, Carcinoids were 
found in 362 (0.17%) of 214,622 ap- 
pendices removed surgically, the inci- 
dence varying from 0.0% to 0.5771 
192.225 The ‘y are the most common pri- 
mary tumor of the appendix!***", 89% 
of 144 ex: imple s of “primary carcinoma 
of the appendix” being carcinoids. 
From 9 to 25% of tumors of the small 
bowel have been found to be car- 
16.40, 41.47,48.90,115.138 but less than 


1% of “benign” tumors of the large 


cinoids 


bowel™. In the rectum, 5% of palpable, 
submucous nodules have been found 
to be carcinoids™**. 

They may be found in patients of 
any age, from 10 d: vs” to 89 vears™. 
Carcinoids prim: ary in the appe ndix are 
usually found in young people, most 
cases being between 10 and 30 years 
old?.2°.192.225.230 Tn contrast, carcinoids 
primary elsewhere are usually found in 
older people, the average age of 453 
reference cases being 55 years. 

Carcinoids of the appendix are more 
common in women, 67% of 365 refer- 
ence cases being women. Carcinoids 
which arise elsewhere are divided 
about equally between the two sexes 
though perhaps with a slight prepon- 
derance of males. 

It must be emphasized that these 
figures as to the incidence and distri- 
bution of carcinoid tumors are likely 
to be in error. For example, most car- 
cinoids of the appendix are found in 
appendices removed surgically. It is 
highly probable that the reason why 
more carcinoids are not found in the 
appendix at necropsy is that at necropsy 
the appendix is rarely examined care- 
fully in the gross, and even more rarely 
microscopically. The observation that 
carcinoid tumors of the appendix are 
more common in younger patients 
while carcinoids taking origin else- 


where occur older people may also 








si4 The 


be fallacious. If it be assumed that most 
carcinoids of the appendix produce 
no symptoms, then carcinoid tumors 
of the appendix are likely to be most 
common in the age group from which 
most appendices are removed. That is 
to say, carcinoid tumors of the appen- 
dix will be most common in younger 
people. It is, however, fair to note 
that some have thought that carcinoid 
tumors of the appendix are discovered 
in young people because in the little 
appendix the tumors soon cause ap- 
pendicitis or the symptoms of appen- 
dicitis and so bring about their re- 
moval!**:*!". Carcinoids arising in larger 
organs only become big enough to 
produce symptoms after many years 
growth, and so are discovered in 
older people. It is not only appendicu- 
lar carcinoids that are likely to be 
overlooked at necropsy. Meissner'* has 
shown how easy it is to overlook small 
tumors of the gastrointestinal tract. 
Leiomyomata of the stomach are 
rarely discovered at routine necropsies, 
and yet he found small myomata in 
16% of 50 necropsies in which the 
stomach was examined carefully. Car- 
cinoids of the stomach and _ intestine 
are doubtless overlooked in the same 
way. Again, it seems unlikely that car- 
cinoids of the rectum are becoming 
more common, and yet, as is remarked 
above, the number of carcinoid tumors 
reported as primary in the rectum has 
greatly increased in recent years. It 
would seem likely that these little sub- 
mucous tumors have been overlooked 
or, if found, misdiagnosed. For these 
and other similar reasons, figures as 
to the incidence and distribution of 
carcinoid tumors should only be ac- 
cepted with proper reservation. 
METASTASIS. For a long time, it was 
believed that carcinoids rarely if ever 
metastasized. In the paper in which 
he introduced the term “Karzinoid,” 
Oberndorfer'** makes the flat statement 
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“Sie metastasieren nicht,” and this was 
echoed by Forbus®® in 1925 and even 
as late as 1939 by Cohn, Landy and 
Richter*'. The first report of a car- 
cinoid with metastases is probably that 
1890'**. By 1930, it was 
apparent. that extra-appendicular car- 
cinoids 


of Ransom, 
metastasized often**, and as 
the years have passed an ever greater 
proportion of carcinoids has been found 
to metastasize. As Ariel® remarks, it is 
probable that in earlier years those 
carcinoids which metastasized were 
wrongly diagnosed as something else. 

The proportion of carcinoids which 
metastasize varies with the site of ori- 
gin. The likely to 
metastasize are those primary in the 


carcinoids most 
small intestine. Of the reference cases 
with primary in the small intestine 
published before 1930, 21% metasta- 
sized: of those published between 1930 
and 1938, 30%: of those published be- 
tween 1938 and 1942, 52%: and of those 
published since, 49%. Dockerty*’ in 
1955 stated that 75% of his series of 
carcinoids of the small bowel had 
metastasized. Of the other reference 
cases, 20% of carcinoids primary in the 
stomach carci- 
noids of the colon; and 8% of carcinoids 


metastasized: 50% of 
of the rectum. Metastases have occur- 
red from carcinoids primary in the 
gallbladder or Meckel’s diverticulum’ 
1% Metastases from carcinoids of the 
appendix are rare, but do occur®:"".74-"* 
109,114,192 The most common sites of 
metastasis are the regional nodes and 
the liver, though metastatic nodules 
are often found in the mesentery or on 
the serosa near the primary. Metastases 
have been found in almost every organ 
in the body. The age and sex distri- 
bution of carcinoids with metastases 
do not differ from those of all car 
cinoids. 

It is apparent that carcinoid tumors 
must be accepted as malignant. Al 
though many do not metastasize, 
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usetul purpose is served by artificially 
separating them into benign and ma- 
lignant forms, particularly as there is 
no way known in which this distinction 
can be made except by waiting to see 
it metastases develop. It is unnece ssary 
to assume, as did Porter and Whelan", 
that there is any difference in nature 
between the carcinoids primary in the 
appendix and those which arise else- 
where. The relative infrequency of 
metastases from carcinoids of the ap- 
pendix probably depends on some 
anatomical peculiarity. It has been sug- 
gested, for example, that they give 
symptoms early, and so are removed 
betore they have time to establish 
metastases!92:210 
ASSOCIATION WITH OTHER MALIGNAN'I 
rumors. Pearson and_ Fitzgerald'** 
noted that malignant neoplasms of 
other types were found unduly often 
in cases of carcinoid tumor. This im- 
pression is not confirmed by a review 
of the reference cases. If the carci- 
noids arising in the various parts of the 
gastrointestinal tract are considered 
separately, the incidence of malignant 
neoplasms of other types varies from | 
to 8%. These figures should be com- 
pared with the observations that 7% 
f 15,626 cases diagnosed as having 
i malignant neoplasm developed a sec- 
md primary malignant tumor**!, and 
that up to 5% of patients with carcinoma 
# the large intestine develop a second 
rimary of the intestine?°*. It should 
ilso be remembered that many carci- 
wids are found incidentally when ex- 
oration is undertaken because of some 
ther neoplasm* 
GROSS APPEARANCE. In the appendix, 
me 75% of carcinoids are found in the 
pis te.19" The appendix is usually 
nlarged by the tumor, though some 
ircinoids are too small to be seen by 
ie naked eye'**. On section, the 
imor is classically yellow, but may be 
eyish-white or brown. It lies in the 
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subepithelial fibrous tissue, and may or 
may not involve the muscularis. The 
overlying epithelium may appear in 
tact, or the carcinoid may arise in a 
region in which the lumen — is 
obliterated. 

Carcinoids arising elsewhere are us- 
ually small, submucous nodules, but 
may be polypoid or annular and con- 
stricting® '. They are often yellow, 
but may be white or brown!®, The epi- 
thelium is usually intact, with the 
carcinoid moveable beneath it, but may 
be ulcerated. The tumors are usually 
small, but may be as large as a baby’s 
head2”. An occasional carcinoid may 
have the gross appearance of an adeno- 
carcinoma of the usual colonic type”. 
One caused a gastro-colic fistula". The 
muscle of the bowel wall is usually rec- 
ognizable even when invaded**. Em- 
phasis has been laid on the kinking of 
the ileum sometimes caused by a car- 
cinoid as it spreads through the ileal 
wall**!*4.158, and it has been suggested 
that this kinking might serve as a 
Roentgen sign of a malignant carci- 
noid tumor" 

MICROSCOPICAL APPEARANCE. The 
microscopical appearance of carcinoid 
tumors is particularly well described 
by Masson™!!*%:18°" The description 
which follows is large ‘ly drawn from 
his papers. 

When small, carcinoid tumors are 
confined to the subepithelial connec- 
tive tissue. Routine sections often fail 
to show origin from the epithelium, but 
in a few cases continuity with the epi- 
thelium of the crypts has been demon- 
strated®*:!'6.124.155" The tumors are 
made of clumps and columns of epi- 
thelial cells set in a stroma. The clumps 
of tumor cells are always well defined. 
They are usually small, but may be 
very large. They are usually solid with- 
out evidence of degeneration. Acinar 
forms occur, and occasionally a car- 
cinoid will be predominantly acinar. 








S16 The 


The acini may contain albuminous ma 
terial o1 The tumor 
form pseudo-rosettes''. Stout?! 
trated the “ribbon-like festoons” of 
tumor often 
carcinoids, describing the way in which 


89.129 


mucin may 


illus- 
cells seen most in rectal 
“the cells were in a single layer and 
the cords were bent and curled so as 
to resemble heaps of ribbon carelessly 
curled at haphazard.” A single tumor 
show more than one architectural 
pattern 


may 
Marangos'** made a wax re- 
constructon of a carcinoid of the ileum 
and found the tumor was plexiform, 
the isolated islands of cells being arte- 
due to 
lymphatics or blood vessels may be 


facts sectioning. Invasion of 


found in cases without metastases as 
well as in cases with metastases**:!74.155 
Marangos!** found invasion of vessels 
in an ileal carcinoid only 1 mm. in size, 
and in all ileal carcinoids over 2.5 mm. 
in diameter. The carcinoids often in- 
vaded the vessel wall to extend in the 
intima, narrowing the lumen but not 


breaking the endothelium. 


Masson!** has divided the cells of 
carcinoid tumors into three types. 
Most common are round or polygonal 
cells with a central, finely reticular 


nu le us and cytoplasm which is mod 
erately abundant and which may be 
homogeneous and acidophilic or may 
contain small, acidophilic granules. 
Small vacuoles are often present in the 
cytoplasm. The second type of cell is 
less common. They lie around the edge 
of the cell clumps, being called by 
Masson “palisade cells.” Their nuclei 
and cytoplasm are similar to those of 
the first type, but the granules tend to 
lie in the part of the cell nearest the 
stroma, while the vacuoles are found 
around the nucleus and in the part of 
the cell nearest the center of the clump. 
Occasionally these pallisade cells are 
arranged as are the cells of a pseudo- 
stratified epithelium. The third type 


of cell is found lining small acini. They 
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are similar to the other types, but the 
granules are found only in the pole 
distant from the lumen. The cells of 
the ribbon-like festoons are columnar 
or prismatic with elongated nuclei us- 
ually nearer one pole***. It should be 
emphasized that these forms are not 
distinct types, and that all intermediate 
The cells of 


tumors are usually remarkably uniform. 


forms occur. carcinoid 


Mitoses are rare. Even the large nuclei 


seen in adenomata of many endocrine 


glands are uncommon!**. However, 


pleomorphic tumors do occur, with ana- 
plastic cells, multinucleated cells, 
gigantic and bizarre nuclei and _ fre- 
These anaplastic 


forms do not necessarily metastasize*®. 


quent mitoses*®:--*, 
The stroma of the tumors is often 
but 


sO) 


scanty, may be abundant, even 


sclerosing*”:!**. It often contains muscle 
fibers, perhaps remnants of the hyper- 
plastic oe The 


longitudinal and circular muscle of the 


muscularis mucosae! 
intestinal wall may be hypertrophic in 
the vicinity of the The 
stroma may contain many nerves!*’, o1 


carcinoid". 


large quantities of elastic tissue’. 

It is important to realize that the 
the 
carcinoid tumors are artefacts produced 
by formalin fixation'®*. Unstained, the 
granules are yellow®*-’?, They give the 
145,155, They are 
plumbophilic’®’, can be stained 
with iron hematoxylin™. They take 
up acid dyes such as eosin and acid 
fuchsin'!**. They give the acid and alka- 
line 19.153 196. 


granules often found in cells of 


chromaffin reaction!** 
and 


diazonium reactions" 
Schmorl's ferric-ferricyanide reaction’**; 
Gibbs’ indophenol reaction'®* and, clas- 
sically the argentaffine reaction, being 
blackened _ by silver 
nitrate7'1*°, They may also be stained 
by the techniques of silver impregna- 
tion in which a 
used®*153, [In 


ammoniacal 


reducing agent is 
ultraviolet light, they 
yellow fluorescence*®.*". In 
frozen sections, the vacuoles of the cells 


show a 
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ot carcinoid tumors stain with scarlet 
red, Sudan IV and osmic acid. and 
their walls take the Ciaccio stain for 


phospholipid'**. They may show 
doubly refractile crystals when ex- 
amined by polarized light!**. Mucin 


has been demonstrated by 


mucicarmine stain>” 


Meyer's 
In one carcinoid, 
the cytoplasm of many cells was posi- 
tive to the periodic acid-Schiff — se- 
quence®’. These histochemical findings 
are interpreted as indicating that the 
vacuoles contain a mixture of neutral 
fats, cholesterol and a_ little 
lecithin'**. The nature of the granules 
has been debated. Cordier and Lison** 
thought the similar granules which ap- 
pear in Kultschitzky 
were 


esters 


y cells fixed in 
phenolic, Jacobson**:"7 
that they contained a pterine and a 
carbohydrate, ‘7° that they 
might contain a derivative of resorcinol 
ind Barter and Pearse*'® that a fully 
conjugated beta-carboline derivative 
was present The matter will be con- 
sidered further when the secretory ac- 
tivity of carcinoid tumors is discussed. 
The limitations of silver 
nethod of establishing a 
ircinoid 


formalin 


Gomori 


stains 
diagnosis of 
recognized. 
reaction must not be 
onfused with those techniques of silver 
impregnation in which a reducing agent 

used. In the argentaffine 
he silver salts are 


as a 
tumor must be 
The argentaffine 


reaction, 
reduced by the re- 
lucing power of the tissue component 
tained. In other methods of silver im- 
pregnation, an extraneous 
gent is provided®.153 

ve the argentaffine 


, 


reducing 
. Granules which 
reaction are likely 
argyrophilic when stained by 
her methods, but many granules 
ich are argyrophilic when a reducing 
nt is provided do not give the 
rentaffine the 
rentaffine and not argyro- 
lia in the presence of a reducing 
nt which is suggestive of a carci- 
d tumor'’. As the granules which 
e the argentaffine reaction are an 


reaction'™*. It is 
reaction 
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artefact produced by fixation in forma- 
lin'**.153" the fixative employed must 
contain formalin. It must not contain 
alcohol or else the power to reduce 
ammoniacal silver solutions will be 
lost!**:155. The tissue must be fixed 
within 4 to 6 hours or the tumor cells 
will loose their power to give the 
argentaffine reaction®*®:'*", though they 
may still be argyrophilic*’’. The sti \in- 
ing technique described = Masson!** 
or Gomori" must be followed punctili- 
ously. As a control, it must be shown 
that normal Kultschitzky cells fixed 

the same way will take the stain. 
Failure to demonstrate granules which 
can be blackened by the Masson or 
Gomori method does not mean that a 
tumor is not a carcinoid. Even in cases 
in which a suitable silver stain was 
used, a positive result was not always 
obtained Nor is a 
sult evidence 
tumor 


SY 106 204 


positive re- 
that a 
other kinds 
argentaffine 
suggested that 
an alkaline diazonium stain was a more 
satisfactory method of staining the 
granules of carcinoid tumors, but this 
re action is not always positive either'* 
Pearse! value of the 
various methods of staining the gran- 
and concluded that Gibbs’ reac- 
tion was the most significant. He con- 
sidered that with this reaction “a nega- 
tive result can probably be considered 
to exclude carcinoid, provided that 
morphologically recognizable granules 
are present in the cells.” The impor- 
tance of the condition imposed _ is 
obvious. If the diagnosis is in doubt, 
any histochemical findings must be in- 
terpreted with considerable care. It 
should also be remembered _ that 
Kultschitzky cells which give all the 
histochemical reactions of the cells of 
carcinoids have been found scattered 
in otherwise typical carcinomata of the 
stomach"? 158, 

It must be emphasized that no his- 


unequivocal 
is a carcinoid, for 
of granule give the 


Morson!* 


may 
reaction'!** 


discussed the 


ules, 
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tological feature or features known en 
able one to distinguish those carcinoids 
likely to metastasize from those which 
will not. 

HISTOGENESIS. In his paper giving the 
hrst adequate description of carcinoid 
Lubarsch!!® that 
they were carcinomata arising from the 
crypts of Lieberkiihn. Many other 
theories as to their histogenesis have 


tumors, suggested 


been suggested, but now it is 
believed that carcino- 
mata arising from intestinal epithelium, 
or more precisely, from the Kultschitzky 
cells of the epithelium. 


again 


carcinoids are 


One of the theories popular in the 
early vears of this century was that car- 


aU 


cinoids arose from pancreatic rests! 


“S144209" and, in particular, from islet 
cells of the rests!!0:178.179.208)) Another 
view which for a time commanded 


some support was that carcinoids were 
analogous to basal cell carcinomata of 
the skin?*:74:14, thought 
endothelial sarcomata"’, or 
liomata!” 


them 
endothe- 
others that they arose from 
remnants of the omphalo-mesenteric 
duct!**--"" \ 


dvsontogenetic heterotops 


Some 


tissue malformation!!” 


88 and ori- 


gin from heterotropic embyronic ma- 


terial’ were suggested. Ehrlich 
thought they arose from Auerbach’s 
plexus; Aschoff? that they were nevi 


They were even called ‘progonoblas 
tomata Forbus™ gives an excellent 
account of these various theories 

In 1910 
that carcinoid tumors might arise from 
either Paneth cells or Kultschitzky cells, 
and in 1914 strong evidence that they 
indeed the Kultschitzky 
cells was offered by Gosset and Masson. 
Masson'** had shown that Kultschitzky 


cells contained granules which under 


Huebschmann®! suggested 


arose trom 


proper conditions could be blackened 
by ammoniacal silver nitrate, and. 
Gosset and Masson*™! demonstrated 


similar granules in two carcinoid 


tumors of the appendix. It had been 
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remarked earlier by Oberndorfer'** that 
both the Kultschitzky cells and the cells 
of carcinoid tumors gave the chromaffin 
reaction. 
Kultschitzky 


variously 


cells 


called 


entero- 


have been 
argentaffine — cells, 


chromaffin cells, chromo-argentaffine 
cells, chromaffin cells, chromaphil cells, 
gelbe Zellen or vellow 
gekornte Zellen or 
Nicholas 


Ciaccio 


cells, basal- 


basigranular cells, 
Schmidt 
cells. They de- 
Patzelt Ham*”. 
In man, they occur in the epithelium 
of the gastrointestinal tract from the 
cardia of the stomach to the anus and 


cells, cells and 


are well 


scribed by and by 


in the epithelia of the biliary system 
and the major pancreatic ducts. They 
are particularly common in the crypts 
of Lieberkiihn. They 


singly, lying between the other epithe- 


usually occu 
lial cells. They are conical or columnar, 
the base being applied to the base 
ment membrane while the apex reaches 
towards, but not always to, the lumen 
Their 


regular, lving 


round and 
in the midpart of the 


nuclei are usually 


cell. Their cytoplasm is clear and 
homogeneous, but if properly fixed 
shows the granules which have been 


The 
ustially lie in the base of the cell. Their 
staining 


mentioned — previously. granules 


reactions are discussed by 
Pearse!® 

As the vears have passed, the theory 
that carcinoid 
Kultschitzk,y 
stronger Morphologically the cells of 
carcinoid tumors resemble Kultschitzky 
The 
the granules of carcinoid tumors ar 
those of Kultschitzk 


The tumors have been foun 


tumors arise trom 


cells has grown evel 


cells. histochemical reactions of 


identical with 
cells!** 
primary in every part of the alimentan 
system in which Kultschitzky cells a 
found except the pancreas. No carc 
noid has been found primary in a sit 
Kultschitzky 


found. In a few cases, carcinoid tumo 


in which cells are mn 














have been demonstrated to be continu- 
ous with an epithelium containing 
Kultschitzky cells?*''8!24-155" And final- 
ly, and most convincingly, it has  re- 
cently been shown that Kultschitzky 
cells secrete 5-hydroxytryptamine into 
the blood. This substance has been 
found in large quantity in carcinoid 
tumors, and lh SOC Cases is secreted 
by them into the blood. Its relation to 
carcinoid tumors will be discussed in 
detail hereunder. 

Masson'*" elaborated the theory of 
origin from Kultschitzky cells, stating 
that argentatiine cells similar to 
Kultschitzky cells could be found in 
neuromata of the axial connective 
tissue of the appendix, and describing 
how these cells reached the nerves by 

budding of the appendicular epithe- 
lium. He thought these intraneural 
argentaffine cells could give rise to car- 
cinoid tumors Papers agreeing and dis- 
agreeing with Masson's thesis are 
quoted by Patzelt'®'. Stout’s?"* sugges- 
tion that the cells of carcinoid tumors 
which do not have granules may be of 
Erpsamer s pre-enterochrome type 
seems over nice. 

SECRETORY Activity. The function of 
the Kultschitzky cells was long a matter 
for debate. In 1936 Patzelt'®' reviewed 
the literature, recounting the various 
suggestions put forward. Some thought 
the cells endocrine, some exocrine, 
ome  absorbative, some excretory. 
Masson and Berger'' suggested that 


they emptied their secretion into nerves, 


forming a diffuse “neurocrine” gland, 
thers that they plaved some part in the 
egulation of the hydrogen ion concen- 
ration in the intestine. Kultschitzky'™ 
imself is quoted as making, in 1896, the 
irprising suggestion that the cells ob- 
ined their granules from the intestine 
ither by resorption or by the elabora- 
on of resorbed products, and then 
issed the new-formed granules to 
ukocytes, which in this way acquired 
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their oxyphil granules by phi iwocytosis. 
More recently, i rcobson"*"7 extended 
the observations of Erés and Kunos*!:** 
to propose that the Kultschitzky cells 
played some part in normal erythro- 
poiesis, forming a substance necessary 
for the prevention of pernicious anemia. 
Landboe-Christensen'’? and Doig and 
Wood" rebut this proposal. Another 
recent theory was that the Kultschitzky 
cells were similar to the alpha cells of 
the pancreas, and like them secreted 
glucagon, the hyperglycemic-glycogeno- 
lvtic factor22*. This hy pothesis must also 
be rejected, for there are only super- 
ficial similarities between the alpha 
cells and Kultschitzky — cells**:10 71°, 
Weisberg and Schaefer*** collected 
690 cases of carcinoid tumor from the 
literature, but found blood sugar levels 
recorded in only 66, with evidence of 
hyperglycemia in 3. If it were true 
that carcinoid tumors arose from cells 
able to secrete glucagon, it would be 
likely that at least some of the tumors 
would be functional, and so would 
cause hyperglycemia. In the only in- 
stance Weisberg and Schaefer quote 
in which a carcinoid was removed from 
a patient with diabetes, the diabetes 
continued after the operation. Fein and 
Knudtson® failed to demonstrate any 
increase of glucagon in the blood 

their patient with a carcinoid tumor of 
the stomach and metastases. In 7 cases 
of carcinoid tumor not quoted by 
Weisberg _ Schaefer in which blood 
sugar levels or glucose tolerance tests 
are recorded, ain of diabetes or 
hyperglycemia was found only in 
onet57.195.218 Another possibility inves- 
tigated was th: it carcinoid tumors might 
secrete histamine. Three carcinoids 
were analyzed, but contained insignifi- 
cant quantities* ‘87 In 3 cases of car- 
cinoid with metastases the histamine 
content of the blood was normal, and 
in two the histamine content of the 
urine was not increased'"*. In one case, 





20) The American Journal of the 


the histaminase 


content of the serum 


was normal: Tumors which do 
secrete histamine have been — re- 
ported but there is no reason to 
think them carcinoids. A substance 


which affected blood pressure was ex- 
tracted from but 
subsequent analyses were unable to 
confirm that there 


adrenalin, noradrenalin or acetvlcholine 


a carcinoid tumor® 
eXCess ot 


Was an 


in carcinoid tissue. 


in the blood of pa- 


tients with carcinoids or in_ their 
uring , 

The demonstration that Kultschitzky 
cells secrete 5 hydroxytryptamine de- 
pends largely on the work of Erspamer, 
who for many vears studied a sub- 
stance he illed “enteramine” which 
could be extracted from tissues con- 
taining Kultschitzky or similar chro 
mathn cells. In 1952 Erspamer and 


\sero”’ identified enteramine as 5- 
hydroxytryptamine. At the same time 
ther workers were studying a sub 
stance sometimes called “serotonin” 


That 
this was also 5-hydroxytryptamine was 
Rapport in 1949'**, Barter 

studied the Kultschitzky 
1istochemically. They were unable 


which was present in blood serum. 


shown D\ 
and Pears« 
cells } 


to demonstrate 5-hydroxytrypt imine 


itself, but considered that the substance 
which appears in the cells after fixation 
with formalin could be formed from 


5-hydroxytryptamine. Gomori agreed 


that the histochemical 


reactions were 
consistent with the theory _ that 
Kultschitzky cells contain 5-hydroxy- 
tryptamine and Ratzenhoffer and 


Lembeck'™ thought the 
the cells of carcinoid tumors consistent 


reactions of 


with their containing 5-hydroxytrypta- 
mine The fate 


discussed by 


origin and of 5- 
hydroxytryptamine are 
Erspamel 55 and Page'®, The most 
aman theory is that 5-hydroxytryp- 
tamine is formed from tryptoph: ine by 
the Kultschit zky cells and 


creted into the blood where it is almost 


is then se- 


Medical Sciences ° 


Se pte mb r, 1956 


all taken up by platelets. At least a 


large part is degraded enzymatically 
urine as 5 
149 A little 


unchanged™, 


and excreted in the 


hydroxyindole acetic acid 


may escape in the urine 
The physiological and pharmacological 
actions of 5- hydroxytryptamine are dis 
cussed by Erspamer™*. So far, 
established that the 
serves any physiological purpose 
That 
large quantities of 5-hydroxytryptamine 


Lembeck!! 


and his observation has been con 


it has not 


been substance 


carcinoid tumors may contain 


was first demonstrated by 


66,150.16 106 


firmed several times** 


In all, 


noids have 


10 primary or secondary carci 
analyzed, the content 
0.08 


per gm. In 7 


been 


varving from meg. per gm. to 


of the 
200 meg. 


2.500 meg. tumors, 


the content was over per gm 


Even in a single case the variation 
from tumor mass to tumor mass may be 
case a metastasis con- 
though the 


mcg per 


great. In one 
tained 360 


primary 


meg. per gm 

contained only 61 
another the 
contained 0.08 meg. per gm. 


secondary 


the 


om."*, and in 
while 
primary contained 0.33 meg. per gm 
Normally, 
detected 

system, the blood. the spleen and the 
central In the 
intestinal tract of various 


3-hydroxytryptamine can be 
only in the gastrointestinal 


nervous system gastro 
animals, for 
0.5 to 


12 Cases ot Car 


example, the normal content is 


8.9 meg. per gm.**. In 
cinoid tumor with metastases, the con 
centration of 5-hydroxytrypt imine in 


has been found to be 


16.66 81 ‘ QO. 196, 2OT VLl4.V1s 


the serum 
increased! 
The normal concentration is 
0.03 to 0.4 meg. per ml 
In 11 of the cases, the 
tration was from 0.4 to 


given as 


from 
RUS, 21% concen- 
15.0 meg. per 


ml. and in one no figure is given. In 


another case with metastases, the con 
centration was in the normal range, 
varying from 0.18 to 0.22 meg. per 
ml.!, In 5 cases of carcinoid with 


metastases, the urinary excretion of 5- 
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hydroxytryptamine was increased, be- 
ing trom 3 to 200 times normal?-“6:'% 
* In one case, none could be de- 
tected in the urine“'>. The urinary out- 
put of 5-hydroxyindole acetic acid has 
also been found increased in cases of 
carcinoid with metastases. The normal 
urinary excretion in 24 hours is from 2 
to 10 mg.54.195.194,213.214 Tn 12 cases of 
carcinoid with metastases the urinary 
excretion was from 80 to S800 mg. a 
day?? 46.97. 66,150.199 Tn 3 other cases in 
which the output is expressed differ- 
ently, there was also a marked in- 
crease!" and one case is said to have 
had an increased urinary output though 
no figure is given™'. The urinary output 
of 5 eulinnnariastibe: acetic acid was in- 
creased in the case with metastases 
which had a normal serum concentra- 
tion of 5-hydroxytryptamine'’, — It 
should be noted that some of the cases 
are reported in more than one of the 
papers cited 

The metabolism of tryptophane has 
been studied in patients with carci- 
noid tumor and metastases!*-"*, If 
radioactive tryptophane is fed, radio- 
ictive 5-hydroxindole acetic acid ap- 
pears in the urine. In one case, the 
quantity of 5-hydroxyindole acetic acid 
n the urine varied according to the 
quantity of tryptophane fed, and_ it 
vas found that the intake of trypto- 
yhane necessary to maintain nitrogen 
balance was 500 mg. a day, the normal 
requirement being 150 to 200 mg. a 
lay'™*. It has even been suggested that 
n some cases of widespread carcinoid, 
ellagra has developed because almost 
ll the available tryptophane has been 
onverted to  5-hydroxytryptamine** 


2 195.218 


In sum, it seems probable that 
.ultschitzky cells secrete 5-hydroxy- 
ry ptamine into the blood. It also seems 
kely that some carcinoids share this 
inction, making large quantities of 5- 
vdroxytryptamine and secreting it in 


excessive quantity into the blood. This 
excessive secretion can be detected by 
determining the urinary excretion of 5- 
hydroxvindole acetic acid, but it 
should be noted that Blaschko and 
Hope" think the 5-hydroxindole acetic 
acid in the urine may arise in part 
from substances other than 5- hydroxy- 
tryptamine, and that  Clere- Bory, 
Pachéco and Mentzer*” have detected 
it in the urine of patients with tumors 
of other types. It is, of course, unlikely 
that all carcinoid tumors produce 5- 
hydroxytryptamine. All islet = cell 
tumors of the pancreas do not produce 
insulin, and not every pheochromocy- 
toma is functional. To this extent, 
Waldenstrém and = Ljungberg?'* are 
probably right in suggesting that car- 
cinoid tumors may be of different types. 

rHE CARCINOID SYNDROME. In 1953, 
Isler and Hedinger** of Ziirich, and 
Rosenbaum, Santer and Claudon!* of 
Milwaukee reported a new syndrome, 
the essential features of which seem 
to be the presence of a carcinoid with 
metastases, a curious episodic flushing 
with telangiectasia of the skin, and 
sclerosis of the tricuspid and pulmo- 
nary valves with tricuspid insufficiency 
and pulmonary stenosis. Since that 
time, further examples of the syndrome 
have been published, and it has been 
possible to find unrecognized cases in 
the literature. In all 17 undoubted 
cases can be_ listed! !:19:67-50.98,95, 120, 186 
159,165,175,183,195.207 To these can be ad- 
ded 6 in which the nature of the heart 
disease is not so surely established**:"* 
82,195.19 and 4 in which the nature of 
the tumor is in doubt?-*57684!7 In 
these 4 cases, the tumors were diag- 
nosed as carcinomata, but in each case 
there is reason to believe that the 
tumor could have been a carcinoid. In 
sum, this gives 27 ex: imple s of the syn- 
drome. The histories of 16 of the cases 
are summarized in the paper of Thor- 
son, Bidérck, Bjorkman and Walden- 








a) 


322. The American Journal of the 


strom="? addition, at least 22 


Cases 
carcinoid have been re- 
ported to have shown the curious Hush- 
ing, but not the heart disease27:4!44.47.6 


is “Oo Mw VOT IS.V1ie8 


218.219 and 


ot metastatic 


Spain'** 
that 7 of 10 carci- 
noids with metastases and 3 of 16 with- 
out showed sclerosis of the 
the right heart, 
sis was found in 

Several syndrome have 
been reported more than once. Walden 
strom Ljungberg?'* include the 
cases of Thorson, Bidrck, Bjorkman and 
Waldenstrém?"" 
those of Biérck, Axén and 
Sjoerdsma, Weissbach 
probably 


found at necropsy 
valves ot 
though no such sclero- 
500 other 


cases of the 


necropsles. 


and 


who in turn include 
Thorson!” 
and den 
include the 


they mention in other publications!” 


friend cases 


214 and their Case VI seems the 
same as that published earlier by 
Daugherty Manger, Roth, Flock 
Childs and Waugh**. Gold and Gray 


zel"* and Millman'* describe one case, 
‘and Scholte'® 

This is not the place to mention more 
than briefly the 
syndrome. The 


Postma } another. 
clinical features of the 
Hushing has been well 


described by several writers?*:!*)!%-* 
The flush starts in the but may 
extend to the legs. It 
may last up to 7 « Unusual 


face, 
i arms oO! 
*§ minutes. 
patche s of cyanosis may develop in the 


Hushed skin. The 


oOccaskt mal, O! 


flushes may be only 


may recur times a 
addition, the 
develop a persistent reddish-purple dis- 
looking as if they 
were plethoric, though the red cell count 
remains normal 


many 
day. In 


patients otten 
coloration of the face, 


is slightly reduced. 


As time passes, the patients become ever 


more cyanotic, and telangiectasia be- 
comes apparent in the affected area. 
There is no clubbing of the fingers. The 
heart disease gives the expected clinical 
signs. Other symptoms are often asso- 
One of the 


diarrhea. This often occurs as the 


ciated. common is 
first 


and continues through- 


most 


sign of disease, 
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September, 


out the 


described as 


stool is 
The number of 
motions per day is not often great, but 
20 or 30 


are sometimes 


course. The usually 


watery 
may reach Pain or borboryvemi 
important. In 
asthma-like 
is a troublesome and prominent symp- 


TPVAadhy 


cases, a curious dyspnea 


tom. The blood pressure remains nor- 
mal. It is not usually 

the attacks of flushing, but occasionally 
falls, in some cases precipitously**97-** 
195,196 Edema of the 


even in patients who do not have heart 


altered during 


legs is often noted, 


disease. In a few cases, arthritis has 
been present" 

The pathologic: il changes in the heart 
are particularly 


Hedinger 


described by 
‘and McKusick!*". 


The tricuspid and prepa ary valves be 


we 1] 
and (, loor® 


come vascularized and sclerotic. thick 
ened and distorted. The sclerotic tissue 
may extend to form well defined 


cushions 


overlying the intima of the 


pulmonary artery or the endocardium 
of the right 
be peeled off the underlying artery o1 
onto the 


cordae of the 


atrium. Sometimes it can 


mvocardium. It may extend 


thickened 


tric uspid 


fuse dl 
The re 


endocardial 


and 
valve. also be 
patches of 
in the 


tissue at 


may 
fibrosis else- 
right heart. The 


times 


where sclerotic 


resembles cartilage 


Microscopically, it is dense, acellular 


with occasional col- 
MeKusick!~" 


a tricuspid valve 


collagenous tissue 


lections of round cells. 
illustrates parts of 
where the inflammatory 


marked, 


continuing fibroplasia 


reaction 1s 
is evidence ot 
Hedinger 


more and there 
and 


Gloor™’ saw fibrin de 


ho evidence ot 
position, but Spain! 


valvulitis in one 


found thrombotic 
end of these 
changes is that the tricuspid valve be 
comes 


case. The 
stenotic or incompetent, the 
funnel-like and 
mitral and aortic 


pulmonary valve 
stenotic. The 


are not usually affected, 


valves 
' though in on 
case in which there was a patent fora 
changes in the 


men ovale there were 








Progress of Medical Science: 


mitral and aortic valves as well as in 
those on the right'*". 

Several writers describe histological 
changes in the skin of patients with 
permanent Cyanosis and discoloration of 
the facet! !-.159.175.207) Most remark on 
the dilatation and congestion — of 
veins and capillaries, several on the 
thickening of the vessels’ walls. Jenkins 
and Butcher** remark that there was 
intimal thickening and narrowing in the 
arterioles. Arnett and = Long*, and 
Postma'*", thought the vessels increased 
in number. Bean, Olch and Weinberg''! 
noted edema and chronic inflammation. 

In all cases with flushing, the carci- 
noid tumor has had metastases. In most 
the liver was involved, but in one no 
hepatic metastases were found at ne- 


Crops) and in another none was 
evident at — laparotomy*!*. — Martin, 
Féroldi and Cabanne!** thought in- 
volvement of the ovary important, but 
of the 45 cases with flushing in which 
the sex is given only 20 were women, 
and ovarian metastases are mentioned 
in only 7. In one case, ae carcinoid 
may have been primary in the appen- 
dix, in the others the vi Ate was else- 
where. The age distribution is similar 
to that for other carcinoids. 

The relationship between the syn- 
drome and 5-hydroxytrypt: mine is dis- 
cussed at some length by Sjoerdsma, 
Weissbach and Udenfriend™ > and by 
Waldenstr6m and Ljungberg?'*. In 16 
of the 48 cases with flushing, evidence 
of excessive production of 5-hvdroxy- 
tryptamine was obtained. Indeed, of the 
Cases quoted as showing excessive 
quantities of 5-hydroxytrypti imine in 
the tumor tissue, the blood or the urine, 
or as excreting excessive quantities of 
3-hydroxyindole acetic acid, all but 5 
were ex: imple s of the syndrome or suf- 
fered flushing. The exceptions are 2 
cases in which tumor tissue was an- 


ilyzed'''"'*!T" two with an increased 
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urinary excretion of 5-hydroxyindole 
acetic acid'®’ and one with a high level 
of 5-hydroxytryptamine in the serum 
and excessive excretion of 5-hydroxyin- 
dole acetic acid in the urine™'. In the first 
two, the symptoms were suggestive but 
not typical of the syedvome. in the 
others, no clinical information is given. 
It remains to consider whether the prop- 
erties of 5-hydroxytryptamine are com- 
patible with its causing the symptoms 
and the physical alterations of the syn- 
drome. Pharmacological experime nts on 
animals suggest that it could well cause 
the diarrhea, abdominal — cramps, 
dyspnea and hypotension®*:'**, That it 
could cause the flushes and the persis- 
tent cvanosis of the face is “a ss clear. 
If injected intracuti neously in man, it 
may produce a red re action or a morbil- 

liform rash'®*17°, If injected intrave- 
nously, the subject feels a tingling and 
burning of the face, but no flush is 
“1% The injection is so unpleas- 
ant ‘Putin causing pain in the vein, 
abdominal and bladder cramps and hy- 
perpnea, that it cannot be long contin- 
ued. It will be noted that the abdominal 
and respiri atory symptoms are those as- 
sociated with the carcinoid syndrome. 

Even more difficult to explain is the 
sclerosis of the valves of the right side 
of the heart®® 195,197 207,218 — It would 
seem logical that it should be produced 
by the excessive quantity of 5-hydroxy- 
tryptamine in the blood. This is the 
more likely as 5-hydroxytryptamine is 
at least partially destroyed as_ it 
passes through the lung, so that the 
right side of ‘the heart is exposed to a 
much higher concentration than is the 
left'*:'"", In one case of carcinoid with 
metastases, the concentration was 5.6 
meg. per ml. in the pulmonary artery, 

but only 0.9 meg. per ml. in the brachial 
artery", though in three others no such 
difference was noted!®, Just how 5- 
hydroxytryptamine could cause valvu- 
lar sclerosis is quite obscure. There is 


seen! 







































324 The 


no convincing evidence that thrombosis 
As the 


great part of the circulating 5-hydroxy 


SO.120.197 


plays an important role 


tryptamine is carried by the platelets** 
it might be thought that they were in 
some way concerned. However, Goble. 
Hay Sandler®® could 
crease in the adhesiveness of the plate 


and find no in 


lets in their case, and failed to increase 
the adhesiveness of platelets by adding 
3-hydroxytryptamine in the heparin 
ized plasma of a control case. The obser- 
vation that subcutaneously injected 5. 
hydroxytryptamine produces a protein 
rich edema in rats may be relevant!” 
It has also been remarked in 2 cases 
of the syndrome, one established’ and 
one probable***", that there was exten 


sive fibrosis of the pelvis, surrounding 


and fixing the organs as if in plaster 


ol 


Way 


It may be that this is in some 
to the of the 
valves. The matter is further compli 


Paris 
similar sclerosis 
cated by the large quantities of 5-hy- 
the 
blood of these patients. It is apparent 


droxytryptamine circulating — in 
that they must have developed a con 
siderable tolerance. It is also necessary 
to remember that symptoms of the syn- 
drome, and so presumably a high blood 
level of 5-hydroxytryptamine, may be 
present for many years*?:179.19,196.21s 

Further 
of the carcinoid is responsible tor at 


evidence that the secretion 


least some of the symptoms is given by 
the observations that in some cases an 
attack can be brought on by palpating 
the that 


tumo! 6 and in _others 
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Hedinger and Gloor*’ suggested that 


the carcinoid might be secondary to 
the valvular changes, rather than the 
valvular changes secondary to the car 
cinoid. This view seems © scarcely 


tenable. Most cases of pulmonary sten- 


osis do not develop carcinoids**:!57, and 


in most cases of the syndrome the heart 
changes develop late some reports 
even describe the evolution of the 


changes in the heart" 


PROGNOSIS Even ir a carcinoid has 


metastasized and become inoperable, 


the prognosis is not necessarily bad 
Carcinoids often grow very slowly 
Some cases have a history of over 10 
vears ol svmptoms** aaa and 


in one metastases thought to be inoper 
able had the 


patient died 20 vears later of another 


not grown larger when 


cause!= 


Summary. The incidence and distri 


bution of carcinoid tumors are. dis 
cussed. Carcinoids are often multiple 
he frequency with which — they 


metastasize is noted. They do not seem 
associated with other neoplasms unduly 
frequently. Their gross and microscop 
ical morphology is described, and their 


histogenesis discussed. Reason is given 


for thinking they Kults 
chitzky The secretory ot 
carcinoids is considered, with particu 


arise trom 


cells activity 


lar reference to the possibility that they 
may secrete 5 hydroxytryptamine. The 


carcinoid syndrome (carcinoid with 


metastases, episodic flushing and 


sclerosis of the tricuspid and pulmonary 


the symptoms have been relieved by valves) is described briefly, and_ its 

partial removal of the carcinoid****, In relationship to 5-hydroxytryptamine 

one case traction on the tumor during discussed. The prognosis in cases of 
surgery caused apnea™’. carcinoid tumor is mentioned. 
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Determinationes Ventilatori e Pulmono-Voluminari in Patientes con 
Deformitates Thoracic 


Esseva observate in septe patientes con deformitates thoracic un reduction 
del valores del maximal capacitate respiratori e del capacitate vital. In patientes 
con kyphoscoliosis e morbo de Marie-Striimpell, tanto le capacitate vital como 
etiam le maximo del capacitate respiratori es reducite. In comparation con normal 
predicibile valores, le plus frappante effecto es le reduction del capacitate vital 
e del total capacitate pulmonar. Iste constatation es associate con un augmento 
del proportion de volumine residue a total capacitate pulmonar. Le explication 
de isto debe esser le reduction del capacitate vital proque le volumine residue 
es proxime a valores normal. Iste phenomeno es probabilemente debite al 
limitation del expansion thoracic que es causate per le deformitates in question. 

Datos obtenite per altere methodos in un gruppo de patientes kyphoscolitic se 
correlationa ben con le parve volumine pulmonar que es visualisate in examines 
radiographic e in necropsias. Patientes con kyphoscoliosis e morbo de Marie- 
Strimpell exhibi un reduction del capacitate inspiratori, del reserva expiratori, 
e del volumines residue. In le duo patientes in qui le valores esseva le plus 
marcatemente reducite, etiam le reserva expiratori es marcatemente reducite. 
Nos opina que in le curso del progresso del morbo, iste portion del volumine 
pulmonar pote quasi disparer. Iste basse reserva expiratori, juncte al quasi 
normal volumine residue, resulta in un parve functional capacitate residue que 
pote esser le explication del exceptionaltnente basse indices de mixtion intra- 
pulmonat trovate per nos. 

Le anormalitates constatate per nos es characterisate per un reduction del total 
volumine pulmonar debite al reducite expansibilitate del pariete thoracic con un 
associate restriction respiratori. 
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To realize that the first cause of 
death in the United States is a disease 
little known 50 years ago comes as 
something of a surprise to physicians 
ind public alike. The dramatic form 
coronary heart disease dates from 
1912 when James B. Herrick*’ first 
lescribed the clinical manifestations of 
oronary thrombosis with cardiac in- 
farction. The precipitate rise of the dis- 
ase to the place it now occupies is 
inique. Plague and other diseases from 
time to time have suddenly dominated 

situation, but briefly. Malaria and 
tuberculosis ordinarily have a long his- 
ory as first problems of a community, 

situation sometimes reaching into an- 


tiquity and changing slowly under the 
impact of an improved medical prac- 
tice and a developing prevention. No 
disease has ever come so quickly from 
obscurity to the place coronary heart 
disease now occupies, to maintain it- 
self there with a permanence presum- 
ably to endure in this country for years 
to come. 

Coronary heart disease was of course 
no newcomer among diseases of man. 
Much existing information was soon 
fitted together. Angina pectoris had 
been known for many years but greatly 
underestimated as to frequency. 
Thrombosis of coronary arteries had 
been described at necropsy, but clin- 
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Dou) The 
ically was looked upon as an uncommon 
cause of sudden death, scarcely a dis- 
ease Which patients might survive many 
Clinical 


Coronary heart disease is today so well 


vears progress was rapid. 
known to physicians that diagnosis is 
among the more reliable where clinical 
confirmed by 
identification of a specific agent. Be- 


recognition cannot be 
cause the public is also well informed, 
recognition at least of the manifest dis- 
ease iS satisfactorily early. 

Treatment in the main is straightfor- 
ward; on the other hand a_ practical 
prevention is scarcely past a beginning. 
If management and control are to im- 
prove, more must be known of causa- 
tive factors. One approach is through 
better definition of pathogenesis; and 
the means are mainly through the ex- 
perimental laboratory, soundly backed 
by clinical study. Such investigation 
has been active in recent vears. 

Atherosclerosis of the coronary ar- 
teries has been placed definitely as an 
integral part of the disease; of itself, 
however, it not for the 
clinical and pathological 
event. Increased blood pressure is rec- 


does account 


completed 
ognized as an aggravating factor, but 
with an irregular association that leaves 
its role in ill-defined. 
one or more coronary 


pathogenesis 
Thrombosis of 
arteries is a usual observation at ne- 
cropsy of patients dying of coronary 
heart disease and yet the mechanisms 
are not much known. 

A second approach to knowledge of 
causative factors is through 
familiarity with the natural history of 
the identification of those 
causes having their origin in character- 
istics of the human host and in the 
environment in which man lives is the 
special province™* of the epidemiologic 
Field investigation still 
other contributions to make. 


greater 


disease. 


method. has 


Frequency distributions in popula- 
tions by time, place and person re- 
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peatedly have directed laboratory or 
other study to the likely place to look 
for unknown causative factors includ 
ing a specific agent, from the Devon 
shire Colic'* of 1724 to arthropod-borne 
virus the United 
States; and still later although less suc- 
fever in 
Korea"’. This is one of the more prac- 


encephalitis in 


cessfully for hemorrhagic 
tical contributions of field epidemiol- 
Ogy. 

In addition, communicable diseases, 
nutritional deficiencies and others have 
come under control through procedures 
derived wholly from observed behavior 
of a disease in nature. Mosquito con- 
trol of ; antedated 
covery of the virus by many vears, and 


vellow fever!* dis- 
scurvy! became a preventable disease 
long before vitamins were known. 

The 
through epidemiologic investigation is 
directed by 


search for causative factors 
choice to the whole of a 
disease process, all cases within a pop- 
ulation. That includes inapparent. dis- 
ease and atypical forms sometimes not 
the 
many times 
never progress to that state, and vet 
are inevitable precursors of the com- 


included within 


nized entity: 


regularly recog- 


indeed they 


pleted process. The definitive stages of 
a disease from beginning to end re- 
sult determined quantitatively accord- 
ing to divisions of a population consti- 
tute a biologic gradient of disease™®”. 

Biologic Gradient. In its practical ap- 
plication the primary separation of a 
chosen population is into two main seg 
ments, one with and the other without 
the this at a specified time. 
Gradations expectedly exist within each 


disease, 


of the two major divisions. Persons 
within’ the unaffected group — in- 
clude some who will never con- 


tract the disease because of high grade 


resistance, and _ others 
tremely likely to do so; and of cours 
intermediates biologically susceptibl 


but in limited degree, so that environ 
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mental and other factors are more 
likely to decide the issue than qualities 
of the host. As in biology generally, no 
sharp line divides the ‘sick from the 
well; separation is rather by a band 
or zone where those of low grade 
health merge with the slightly ill. Ex- 
isting methods rarely permit sharper 
differentiation. 

The second major division of a popu- 
lation, those ill with the particular dis- 
ease, is also as a rule susceptible to 
subdivision, sometimes in clear-cut 
fashion as with meningococcal infec- 
tion, and sometimes with much indefi- 
niteness, as is the case with coronary 
heart disease. Exceptionally a disease 
such as rabies in man has no gradient: 
the course is uniform and the results 
identical. At any rate se parations are 
made on the basis of clinical or labora- 
tory measurements, most effectively 
and often necessarily by both, as with 
diphtheria*"” for example, or pellagra™ 

By survey of a general 9 
by examination of an institutional ¢ 
hospital population, or any other as 
as circumstance dictates, individuals 
are arranged in the separate categories 
to give a quantitative concept of dis- 
tributions of the disease in that popu- 
lation. Costs are measured for each 
class in terms of simple disability, of 
permanent defect or crippling, and of 
deaths. Classes are compared accord- 
ing to frequency distribution, and kind 
ind degree of effect. Search then pro- 
ceeds for factors acting to produce the 
bserved differences. The procedure is 

\ prevalence study and serves also for 
ontemporary comparison of the situa- 
tion at hand with that in other localities 
xr in other populations of the same 
ocality. 

Disease of communities, like disease 
n the individual, is a dynamic phenom- 
non. Comparison of results through 
erial observations on a fixed popula- 
ion serves to demonstrate changes in 
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frequency and behavior, the — shifts 
brought on by an altered environment 
which include among other things the 
introduction of preventive measures or 
institution of a new method of treat- 
ment. One subdivision of the gradient 
enlarges at the expense of another; in- 
dividuals within a group move from 
one class to another in accordance with 
a progressive or a reversible pathologic 
process. Some individuals maintain a 
fixed position. The critical considera- 
tion is the causes of such movements, 
for groups and for individuals. Figure 

represents the altered biologic gradi- 
ent of diphtheria under the influence of 
immunization with diphtheria toxoid. 

The total disease complex of which 
coronary heart disease is the advanced 
component is here termed atheroscle- 
rotic coronary disease, a continuum 
which encompasses both subclinical 
and clinical forms. A model to repre- 
sent the impact of atherosclerotic coro- 
nary disease on a population of people 
has as its first element that m: ajor group 
judged free from the disease. Some 
degree of coronary atherosclerosis is 
clearly a feature of normality so far 
as man in an industrial civilization is 
concerned; _ it progresses to a_ point 
where it is recognized as pathological, 
as coronary arterial disease. Clinical 
method does not suffice to distinguish 
the two; neither does it permit certain 
recognition of even advanced coronary 
arterial disease, for the course is reg- 
ularly subclinical and asymptomatic, 
De :pende nce at present is on demon- 
stration at necropsy of significant nar- 
rowing of the lumen of arteries by 
sclerotic changes of intima and _ sub- 
intima. 

Pathologic anatomy is likewise the 
final criterion for those forms recog- 
nized as coronary heart disease, which 
include myocardial infarction, angina 
pectoris and ‘myocardial ischemia as 
demonstrated by electrocardiograph. 
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The progression pathologically is from 
narrowed arteries to thrombosis to in- 
farction of heart muscle. Some indi- 
viduals never e Xperience symptoms ot 
coronary heart disease during life and 
vet at necropsy present significant coro- 
nary atherosclerosis along with areas of 
mvocardial fibrosis from old infarction: 
the condition is clearly coronary heart 
disease. Angina pectoris occurs with no 
symptomatic evidence of infarction. At 
necropsy of such patients Blumgart 
et al.2* observed no gross infarction but 
double the number of major thromboses 
present in patients who died of clinical 
myocardial infarction. The mechanism 
protecting against infarction was 
judged to be a functioning collateral 
circulation. However, recent) work'™ 
suggests that infarction is as Common 
as thrombosis 

Pathologic and clinical observations 
thus do not coincide precisely; clinical 
coronary heart disease does not  in- 
clude all instances of myocardial dam- 
age; coronary insufficiency exists with 
no myocardial damage, wholly due to 
narrowed lumen in the presence ot 
excess demand. These relationships are 
presented diagrammatically in Fig. 2 
with no attempt at quantitation. 

The refinement of such a pattern to 
the point of usefulness in epidemiologic 
study calls for broadly acce pted stand- 
ds for grades of atherosclerosis, nor- 
mal and abnormal, as well as_ the 
pathological changes of coronary heart 
disease. The main consideration is an 
ibility to differentiate during life the 
various forms .or stages of the disease 
0 defined, including inapparent mani- 
practical 
precision is in development of labora- 


testations. The promise of 


tory measurements in aid of clinical 
xamination, as for specific nutrients 
n dietary deficiency diseases or anti- 
odies in infections. 

An Epidemiological Approach. Ap- 
yraisal of what has been accomplished 
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in a developing knowledge of coronary 
heart disease suggests the need to bring 
into pli iv to a greater extent than thus 
far done, that third general method tor 
investigation of disease and injury: the 
study of a condition in its mass propor- 
tions, as it exists in nature, by epi- 
demiologic techniques. The record of 
achievement of that method in com- 
municable disease*'* and nutritional 
disorders*® is distinguished: its prac- 
ticability in modern problems of trau- 
matic accidents? ‘ and mental dis- 
order™?!"" is confirmed. 

Epidemiologic field method always 
has had its starting point in a com- 
mand of clinical skills, the ability to 
recognize the disease under study in 
individuals of a population. For many 
vears the laboratory has been an integ- 
ral part of field investigation through 
realization that laboratory techniques 
are as essential there as in the clinic. 
The principle is firmly established, 
definitely as to be pri acticed under he 
difficult conditions of the Arctic!, and 
for degenerative?!’ and other diseases 
as well as for the infections. With the 
problem of atherosclerotic coronary 
disease what it is and with the epi- 
demiologic method so conceived, four 
of us have joined in this review of the 
community problem. Our common con- 
cern is the study of disease as ex- 
pressed by Theobald Smith'™; we have 
individual interests in internal medi- 
cine, experimental nutrition and epi- 
demiology. The size and general nature 
of the community problem have first 
attention. 

Statement of the Problem. Heart dis- 
ease, all forms, superseded tuberculosis 
in 1912 as the leading cause of death 
in the United States, and has main- 
tained that position consistently since 
then. The group includes coronary 
heart disease and excludes purely vas- 
cular disorders. The frequency of these 
conditions in relation to the general 
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population is necessarily judged by 
deaths; such facts as exist about mon 
bidity 


limited to a few sampling surveys on 


the more desirable criterion, are 


a local and occasionally a national basis. 
The relationship of deaths from heart 
disease to other chief causes of death 
for the last 
in Table ] 


available vear is shown 


\merican Journal of the Medical Sciences « 


Septe mber, 1956 


No 
made of the frequency of deaths from 
this 
country or any other. The bulk is listed 


more than an estimate can be 


coronary heart disease, either in 
in vital statistics under Arteriosclerotic 
Heart Disease, presumably something 
than 


that nature. Some cases are to be found 


less two-thirds*’*:*!*") being of 


under Chronic Myocardial Degenera- 


TABLE 1 TEN LEADING CAUSES OF DEATH, CONTINENTAL UNITED STATES, 
1954. DEATHS PER 100,000 POPULATION PER YEAR WITH CODE NUMBERS 
ACCORDING TO INTERNATIONAL STATISTICAL CLASSIFICATION OF DIS 
EASES, INJURIES, AND CAUSES OF DEATH, SIXTH REVISION, 1948.22!> 

Diseases of Heart (400-443 348.3 
Malignant Neoplasms (140-205 145.6 
Vascular Lesions of Central Nervous System (330-354 104.1 
Accidents (E800—E802, E810—E835, E840—-E962 3.9 
Certain Diseases of Early Infancy (760-776 39.4 
Influenza and Pneumonia (480-483, 490-493 25.4 
General Arteriosclerosis (450 INS 
Disab tes Mellitus 260 13 6 
Congenital Malformations (750-759 25 
Chronic Nephritis and Other Renal Sclerosis (592 594 oot 

Source Us Department of Health, Education and Welfare Public 


Health Service, Washington 
rABLE 2.--HEART DISEASE, ALL FORMs, 
YEAR, CONTINENTAL UNITED STATES, 1954, 


All Diseases of Heart (400-448 
Arteriosclerotic Heart Disease 


$20) 
Hypertension with Heart Disease 


Publication No. 429 


RATES PER 100,000 POPULATION PER 


WITH CODE NUMBERS? 


Nonrheumatic Chronic Endocarditis and other Myocardial Ds 


421, 422 


generation 
Rheumatic 
Other Forms of Heart Disease 


Source { s 


Health Service, Washington 


Heart disease as a class includes a 
number of disease with 
heart disease outnum- 
bering all others in the United States. 
Table 2 distinguishes the several enti- 
ties recognized by the National Office 
of Vital Statistics! turn the 
World Health Organization?"'". The 
category Arteriosclerotic Heart Disease 
accounts for about two-thirds of deaths 
from heart disease, with a crude rate 
of 235.6 deaths per 100,000 population 
per year 


processes, 
arteriosclerotic 


and in 


Heart Disease and Rheumatic 


Department of Health, Education and Welfare 
Publication No 


$48 58 

235 6 

£40445 16 6 

$1 0 

Fever (400, 416 12.1 

$50-454 138.0 
Public 


$20 


scattered under other 
\ figure of 150 deaths from 
coronary heart disease per 100,000 pop 
ulation per year in continental United 
States approaches reality but warrants 


tion, with a few 


headings. 


no stronger rating than approximation 
The rate alone exceeds that for cancer 
of all the 


Compared with any one cancer or any 


forms, next general class 


other single disease, coronary heart 


disease is easily in the lead. 
The difficulties are magnified in a 
attempt to the 


determine trend of 
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deaths trom coronary heart disease over 
the vears. The quality of medical prac- 
tice has changed, diagnostic criteria 
are different, and so are fashions in 
classification. How many deaths from 
acute myocardial infarction were en- 


tered on death = certificates of other 
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Heart Disease appeared in the 1948 
International List of Causes of Death, 
most coronary deaths were listed under 
Chronic Myocarditis although Diseases 
of the Coronary Arteries had been in- 
troduced in 1930. Before that, the 
rubric Organic Diseases of the Heart 





DEATHS PER 








V0 000 | 
500 + — —___—____— - S——— —— —— 
= NN 
ae ke - KV A \ % A 
Fags Oe aad, 
450 CARDIOVASCULAR RENAL DISEASE \~ oe 
J ; 
400 yy - , 
ee jp Wein gi ‘ 
350) as CARDIOVASCULAR DISEASE 
300} F 
poll ot | 
; 
) ~~ | | 
en ~ HEART DISEASE 
| 
LA aE LCCC 
1504 
100 
50 RHEUMATIC HEART DISEASE 
AND RHEUMATIC FEVER 
as | 
| 
O+ r ~ + + y - ~~ — — 4 
900 1905 1910 1915 1920 1925 1930 1935 1940 1945 1950 1955 


Fig. 3 








Age-adjusted death rates for specified major cardiovascular-renal diseases, deaths per 


100,000 population per year, continental United States, 1900-1952. Notes: Heart disease 

itegory does not include rheumatic fever; comparable data for rheumatic fever are not 

vailable before 1939; change in method of assigning cause of death may account for all of 

ipparent increase between 1948 and 1949. Source: American Heart Association®; Anderson, 
R. ]., and Zukel, W. J.6; United States Public Health Service?, 


ears as due to acute abdominal con- 
litions or other noncardiac disease, will 
iever be known; the number now is 
easonably small. 

Classifications of disease have been 
evised repeatedly, with the result that 
he same disease appears now here and 
iow there. Before Arteriosclerotic 


accounted for most deaths attributable 
to coronary heart disease. As revolu- 
tionary a practice as any came in 1948 
when not the statistician but the physi- 
cian became the arbiter of what was 
the principal cause of death. 

Decision as to whether the increase 
in deaths from coronary heart disease 
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Se i8) 
is real or related to factors such as those 
noted depends largely on indirect evi 


Phe 


through consideration of heart disease 


dence only ready comparison is 


Oo 
- 


as a whole, using age-adjusted death 
rates. 

The population of the United States 
has been aging for a long time. The 
ol 


and older persons have the greater risk 
of death 


number older persons is greater, 


from coronary heart disease. 


Medical Sciences ° 


Se pte mber, 1956 


disease; 


to heart that 
men were dying of coronary heart dis 


chiefly coronary 
ease with equal frequency fifty vears 
ago, but that death was mistakenly at- 
tributed to other causes is unlikely; no 
other 
nary 


cause of death with which coro- 


heart disease might be confused 


has shown a commensurate decrease 
The experience of older clinicians'™ 
cardiologists and general practitioners 


alike. vields the considered opinion that 


DEATHS PER 
VUYVYUYU 
MALE i 
ll SS vt 
— 
; ~ FEMALE 
ate. oo 
2U0 ~ = 
92 1925 930 935 94 945 950 
bi } ( HOV iscular-renal diseases cle iths pel LOO.000 population per vear for persons 
iged 45 to 64 irs, by sex, United States, 1920 to 1950. Source American Heart Association 
With correction for age, death rates coronary heart disease is becoming 
for all forms of heart disease have more common, particularly at younger 
climbed steadily since 1900 (Fig. 3 ages. A series of 3,000 cardiac patients 


than for the more 
of 
diseases or cardiovascular disease 

That the trend tor deaths of females 
aged more than 45 years from cardio- 


more definitely In- 


( lusive classes cardiovascular renal 


vascular-renal disease is downward 
while that for males is upward ( Fig. 
$) has The in 


deaths attributable 


much meaning. rise 


among males is 


was collected in 1925 by White?!" from 
his own experience and that of col 
leagues. Comparison was made with a 
second series of 3,000 assembled in 
1950. The proportion of cases identified 
as coronary heart disease was 20% in 
1925: twenty-five vears later it was 
18.5%. 

Necropsy material collected at the 
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London Hospital before 1914 was re- 
examined by  Morris'**. Sir James 
Mackenzie was then cardiologist, and 
Purnbull the pathologist had a special 
interest in atherosclerosis. Coronary 
itheroma were even more common 
then than now, but deaths from coro- 
nary heart disease were only one-seventh 
as frequent. A recent analysis of 7,032 
general Necropsy records from the 
Michael Reese Hospital, Chicago'™" 
demonstrates over the years an increas- 
ing proportion of deaths among older 
people The material includes all 
deaths of patients aged 20 years or 
more for the period 1920 to 1953. 
Deaths from arteriosclerotic heart dis- 
ease, however, — progressively — had 
stronger representation in the younger 
age groups. The summation of evidence 
speaks for an actual increased fre- 
quency of coronary heart disease in 
recent decades 

Pathogenesis. A working hypothesis 
of pathogenesis aids study of a disease 
in its mass proportions through  indi- 
cating situations where data can be 
collected to advantage. Coronary heart 
disease is here postulated as a morbid 
process that results from excessive nar- 
rowing of the lumen or thrombus for- 
mation in atherosclerotic coronary 
arteries; further, that abnormal plasma 
lipid transport predisposes both to 
iltered coagulability of the blood and 
0 atheroma; and lastly, that disturbed 
lipid metabolism results variably from 


high intake of saturated fats, or rela- 
tive deficiency of essential fatty acids, 
or trom energy output (activity ) insut- 
heient for disposal of energy ( caloric ) 
ntake including proper metabolism of 
nuscle mass, or from long term neuro- 
tumoral reaction to stress. The initial 
esion or plaque which is the basis for 
the later developments just described 
emains a fundamental enigma. 

The Potential for Prevention. <As- 
uming that coronary heart disease 


develops only in the presence of a 
pre-existing coronary atherosclerosis, 
ultimate control of the disease rests 
upon an understanding of the athero- 
sclerotic process. However, a practical 
advance in prevention conceivably is 
possible through influencing favorably 
those factors which lead to excessive 
narrowing of the coronary arterial lu- 
men and to thrombosis and infarction, 
with the assumption accepted — that 
coronary artery disease remains essen- 
tially unchanged in frequency. These 
two premises guide examination of the 
epidemiological problem afforded by 
coronary heart disease. 

Ecologic Analysis of Coronary Heart 
Disease. The simpler complex of an 
opposing host and environment serves 
necessarily in this ecologic analysis™' 
of coronary heart disease. No agent of 
the disease is known, if indeed one 
exists. The purpose is to assemble per- 
tinent facts about coronary heart dis- 
ease as derived from clinical, labora- 
tory and field investigation, with sep- 
aration into two broad categories; in 
the first instance, those which relate to 
the host and secondly, those concerned 
with the environment. Items  pertain- 
ing to a particular characteristic within 
those categories are brought together 
and in turn related to pathogenesis and 
to recognized distributions of the dis- 
ease within a population. The primary 
objective is a search for leads bearing 
on causation and behavior capable of 
further exploration. 

Host Factors. Some host attributes 
relate primarily to the individual; 
others are group characteristics per- 
taining to populations and arising be- 
cause of groupings of people. In both 
instances some are innate and some 
acquired, with genetic inheritance 
variously active. 

Anatomical. Structural features of 
man clearly have to do with suscepti- 
bility and resistance to atherosclerotic 
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the 
endothelium is generally accepted as 
greater at all ages in males than in 
8,13 Whether — thickened 
intima predisposes to atherosclerosis or 
facilitates its development is not 
known. Moénckeberg'™* thought diffuse 
intimal thickening to be a normal event. 
In 626 Wilens?!* 
found a close association between dif- 
thickening athero- 
sclerosis, observing further that thick- 
ening does not occur in species failing 


changes. Thickness of coronary 


females*® 


specimens of aorta 


fuse intimal and 


in spontaneous atheroma. Herbivores 
thick intimal 
elephants, but a general absence of 
lesions**”, At 
record! !7 


have a wall, notably 


atherosclerotic least one 


instance is on however, of 
severe aortic and coronary arteriosclero- 
sis in an elephant with death from coro 
nary her- 


bivores is highly vascular and that of 


insufficiency. The intima of 


man practically devoid of capillaries. 

The vasa vasorum have had attention 
in pathogenesis of atherosclerosis and 
coronary thrombosis since Winternitz?"" 
observed them to be most numerous 
at the origins of branching arteries. The 
with 
and they occur regularly in association 


number generally increases age, 
with atherosclerotic lesions. Winternitz 
suggested subintimal hemorrhage from 
these vessels as a primary factor in lipid 
deposition and thrombus formation. 

arteries 


Atherosclerotic lesions of 


tend to occur just distal to bifurca- 
tions*!*™ and in regions of tortuosity’ 
the that includes the 


proximal segments of the left anterion 


For coronaries 
descending branch, the right coronary 
and the left circumflex branch, on the 
medial walls of the two branches and 
on the lesser curvatures*"’. The prin 
hydrodynamics 


ciples of apply, as 


pointed out by Texon2”. Such localiza- 
tion seemingly is favored by the stress 
of rapid blood flow, the strain from 
repeated changes in shape and the gen- 
erally wider diameter just proximal to 


bifurcations” 
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In a study of 86 radial and coronary 


arteries from necropsies of patients 
through a general age range, Sapping- 


Cook!®! the 


transformation and 


fibro- 
thick- 


ening characeristic of aging*? as maxi- 


ton and described 


elastic 
mal in the coronary arteries and mini- 


mal in the radial arteries, irrespective 
of coincident atherosclerosis. 

Since Aschoff's” original observation, 
alteration in the ground substance of 
arteries has had much attention®"°7)'"" 
' but whether such changes are pri- 
mary or secondary to lipid accumula- 
tion is unknown. 

Blood. Despite the obvious relation 
of coagulation of the blood to coronary 
little 


toward 


thrombosis, study has been di- 


rected determining whether 
is abnormal or 
Further- 


more, Rokitansky’s'®' early theory of 


clotting in this disease 
a natural secondary event. 
the thrombotic pathoge nesis of athero 
the 
largely was ignored until the work of 
Duguid 
fibrin deposition on the intimal surface 
initial 


sclerosis and role of coagulation 


who postulated recurrent 


as the lesion in atheroma. Ex 


perimentally, the fibrin was covered by 
new endothelial overgrowth, ultimately 
to degenerate with a resulting typical 
atheromatous lesion. In support of these 
observations examination of material 
from aortic lesions, judged by conven 
methods to be collagen, 


tional was 


demonstrated by electron microscopy''” 
to be fibrin. In postulating a temporary 
thrombotic state in thromboembolism, 


Wessler?!! 


agulability of the blood as of greater 


emphasized increased co- 


significance than the traditional accent 
on intimal damage and stasis. 
Subintimal hemorrhage from fragile, 


newly formed capillaries'*" also) may 


contribute to growth of atheroma, to 


the extent of complete vascular occlu 


sion. 
Pressure. A 


Blood 


clinical series!76 


comprehensive 
indicates a positive col 
relation for white women between cor 
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onary heart disease and hypertension 
but not for men. The association in 
Negroes is rather definite; of 54 cases 
of myocardial infarction?" had _ hy- 
pertension. 

The level of (sphygmomanometric 
intra-arterial pressure indicative of the 
hypertensive state is always a ques- 
tion®’. Lee and Thomas'!* approached 
the problem by correlating kidney size 
at necropsy with acute myoc ardi: ul i 
farction, on the assumption that “tr 
standing hypertension commonly re- 
sults in contracted kidneys. They con- 
clude that “these data fail to provide 
definite support for the concept that 
hypertension is an etiological factor of 
Importance nh coronary arteriosclerosis 
in women.” They did not, however, 
take into account what the blood pres- 
sure may have been during life. A re- 
cent report of 1,600 patients with coro- 
narv heart disease! gave 56% females 
hypertensive as against 31% of males; 
values of this order are the common 
finding 

rhe pulmonary vessels ordinarily are 
free from atherosclerosis?°?, but the 
ondition is common with increased 
pulmonary pressure, suggesting blood 
ressure as a factor in pathogenesis. 
Che sluggish blood flow in hypotension 
resumably increases the chances of 
thrombus formation. An increased fre- 
juency of acute mvocardial infarction 

noted with surgical'™ and insulin®* 
hock 

Most animal experiments 
ipport the hypothesis that hyperten- 
on favors atherogenesis. The results 

Wissler??? 


ressure as the actual mechanism, and 


26,189a.21l4a 


discount increased blood 


egest a more obscure, perhaps a renal 
ctor. 

Hormonal Influences. The relative 
frequency of coronary heart disease 
women before age 50 years, and the 
reasing frequency thereafter, sug- 
protective action by ovarian hor- 
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mones. The effect of estrogenic sub- 
stances has been studied in patients 
and in experimental animals. O6phorec- 
tomized women apparently develop ap- 
preciable coronary atherosclerosis at 
younger ages than normal women**; 
conversely women with the hyperestro- 
genism'®! usually associated with breast 
cancer have less coronary sclerosis. 

Patients with prostatic carcinoma 
treated with estrogens seemingly had 
less oe heart disease than ex- 
pected®*. Estrogens limit coronary but 
not aortic experimental athe rosclerosis 

1 hens'**’, an effect accompanied by 
petiole serum cholesterol and more 
significantly, an increase in serum 
phospholipids. 

The effect of androgens is less defi- 
nite. The clinical impression that cas- 
trated men have less than usual fre- 
quency of coronary heart disease was 
supported by an unpublishe ‘d study" of 
legally sterilized males. Neither tes- 
tosterone nor castration had any par- 
ticular effect on rats of either sex fed 
atherogenic diets, in respect to coronary 
atheroma or to serum lipids'** 

Thyroid hormone has a definite effect 
on blood lipids and less definitely on 


i320 


atherosclerosis. Severe myxedema is 
associated commonly w ith hy percholes- 
teremia and increased atherosclerosis. 
Dogs were believed resistant to experi- 
mental atherosclerosis until thyroidec- 
tomy'', together with a dietary regi- 
men similar to that used experimentally 
for rabbits, gave a successful result. No 
increase in arteriosclerosis was found 
on observation of thyroidectomized pa- 
tients with coronary heart disease*! 20 
years or more after operation. 

Adrenal cortical steroids alter the 
level of serum lipids, with the direction 
and magnitude of change dependent 
on dosage and kind of hormone'®. An 
adrenal effect? on the rate or degree of 
development of atherosclerosis has not 
been clearly demonstrated. ACTH had 











24) The 


little effect? on lipid level of the choles- 
terol-fed rabbit, although thought to 
inhibit atherogenesis under these con- 
ditions. Continuing interest is exhibited 
in the action of the so-called pituitary- 
idrenal axis in situations of stress, and 
thus 


Cast 


indirectly on heart dis- 


coronary 
Indirect evidence comes 
from experiments in which rats were 
subjected to extreme cold'** with pre- 
sumably excess production of adrenal 
Serum. cholesterol 

marked atherosclerosis of 
aorta resulted after 18 
an ordinary laboratory diet: 


6 weeks, with added cholesterol 


corticoid was ele- 


vated and 
COroOnaTIes ind 
months on 
atte) 
and fats 

Age From knowledge of 7,941 
elderly patients of whom 863 had re- 
occlusion, 


“although 
increase 


mote or recent 


Monro 


corona;’ry 


coronary 
that, 
seems to 
the event of 
artery 


observed 
S¢ lerosis 
with vears occlusion of 


a sclerotic seems not to be so 
associated, but rather to be precipitated 
by other factors.” The challenging ques- 
tion is why do not more people develop 
heart with aging: 
what is there about the people who 
do which sets them apart from those 


who do not? 


coronary disease 


In 536 necropsies of patients ranging 
in age from the newborn to 89 vears. 


Lober! 


atherosclerosis progresses through life 


gained the impression that 


at a nearly uniform rate. Lesions were 
more pronounced among males than 
females, and among patients with con- 
comitant hypertension and_ diabetes 
they than 


usual in the presence of malignant neo- 


mellitus were less evident 
plasm 

In respect to prognosis, a study of 
865 patients with coronary heart dis 
ease from 1930 to 1950 led Peel'** to 
that the risk of death is less 
for men of 50 to 54 years than for those 


conc lude 


younger or older. In an effort to ac- 


count for factors other than aging, 
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Smart and Bruce'® applied the Patho 
logic Index Rating (PIR) of Schnur!™" 
to 160 patients with unequivocal mvo 
This 


procedure is based on mayor factors 


cardial infarction. mathematical 
believed to affect prognosis adversely. 
Older people tended toward higher 
PIR values, but with many discrepan 
the Fatality 


lowest at ages 40 to 49 vears, while the 


cies in association was 
four patients aged 30 to 39 vears all 
died in the acute attack 
Atherosclerotic changes seemingly 
are an earlier event than ordinarily be 
lieved. Pathologists commonly observe 
fatty streaking on the surtace of aortas 
of infants, but some! have the impres 
that these 


to be called atherosclerosis, regress af 


sion early lesions, scarcely 


ter weaning. Coronary heart disease is 
rarely observed in infants; Leach!!! re 
cently reported a 9-month old boy with 
out other discernible disease who died 
in congestive heart failure due to acute 


mvocardial intarction The observa 


tion™! that 77% of 300 necropsied 
United States battle casualties in 
Korea, mostly in their early twenties 
had “gross evidence of coronary dis 


ease” is frequently cited as demonstra 
tion that most young Americans suffer 


from coronary arterv disease. About 
one-half of those affected had fibrous 
thickening of the intima, about one 


half also had varying degrees of arterial 
narrowing. Nine had complete occlusion 
vessels No 


one was known to have had symptoms 


of one or more coronary 


suggestive of coronary heart disease 
The dominant influence of increasing 
age on-frequency of coronary heart dis 
ease is illustrated for the United States 
population in Fig. 5 by data on arterio 
sclerotic heart disease, of which about 
heart 
Age is a factor for both whites and non 


two-thirds is coronary disease 


whites and for both sexes. These distri 


butions are usual in countries wher: 


coronary heart disease is a problem 
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Sex. Males exceed females among 
patients with coronary heart disease 
iged less than 45 years in a proportion 
variously estimated'™?"" at from 2:1 


to 7:1 or more. One hundred young 


coronary — patients of Gertler and 


DEATHS PER 
100,000 


3200+ _—_—__—— 
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The differences are less with increas- 
ing age*’. A recent review of 8,183 adult 
necropsies''*” over a period of 45 years 
included 500 cases of myocardial in- 
farction, with an over-all sex ratio of 
1.2:1, a significant difference. The im- 
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5.—Death rates per 100,000 population per year for arteriosclerotic heart disease, including 


onary disease, by age, race and sex, continental United States, 1950. Source: 


United States 


Public Health Service? . 


hite™ included only 3 women. 
nong 95,000 women patients at the 
ivo Clinic?°*, only 27 had coronary 
ut disease, of whom 17 were hyper- 
isive. Of 617 cases of sudden coro- 
ry death'®*, only 6% involved women. 


portant consideration is that a ratio of 
2:1 in former years had changed to give 
an approach to parity. 

The lesser frequency of coronary 
heart disease in women than men 
should not lead to the generalization 
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atherosclerosis also is regularly 


Survey of an industrial population 
of 32,000 by Boas and Epstein*", for 


coronary, aortic, cerebral and periph 


eral arteriosclerosis gave frequencies of 


and lesions for 


for men. Coro 


aortic cerebral women 
practically the same as 
arteriosclerosis 


The effect of 


experimental 


nary and_ peripheral 


predominate d in men. 
inhibiting 
but not 


sis'*’ supports this clinical observation. 


estrogens 1n 


coronary aortic atherosclero 

Demographic data for arteriosclerotic 
heart disease in the United States, Fig 
5, demonstrate a regular excess of 
deaths among men at all ages. The dif 
ferences between men and women, es 
pecially white 


persons, are more pro 


nounced at younger ages, with the gap 
tending to close at ages past 7) vears 
The sex relationship holds for nonwhite 
is well as white fractions of the popu 
lation, although less pronounced among 
Negroes 


Rac ( 


ot coronary 


ind other nonwhites. 

Racial differences in frequency 
heart 
surmised but never demonstrated. The 


disease have been 
crude mortality rates for cardiovascular 
United States in 1950 
were 512 deaths per 100,000 per year 
198 ton 
Arteriosclerotic heart disease accounted 
for about 23% of 
the comparable figure for whites was 


14%. The 


population differences in age 


disease in the 


for whites and nonwhites. 


all nonwhite deaths: 


data make no allowance for 
and ho 
means are at hand to assess such factors 
as quality of medical care and acc Uracy 
of medical certification. 

An Air Force hospital in Alabama‘! 
admitted patients in the general pro- 
Negro and 30% 
Of 519 cases of proven myocardial in- 


portion ot 70% white 


farction, Negroes contributed only 799 
of expected numbers and whites 150%. 
The number of Negro women was es- 
sentially that of Negro men while the 
ratio of white women to white men was 


about 1:3. Accumulating evidence sug- 
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gests these differences as mainly due 
to environment, particularly the social 
environment, race being a lesser con 
sideration. 

In an American industrial popula 
tion””, the frequency of manifest athero 
sclerosis was 


than Italian 


ences exist in the frequency of athero 


greater among Jewish 


workers. Extreme differ 
sclerosis and of coronary heart disease 
from one country to another" 

Species differences are strongly evi 
dent for both conditions. Only man and 
birds commonly develop spontaneous 
old rabbits 

species have a 
the natural diet 


a fact to be considered in interpreting 


sometimes 
other 


resistance on 


atherosclerosis 
rats!=", All 


natural 


and 


experimental disease 
Efforts to demon 


inheritance of 


Genetic Factors 


strate a genetu coronary 


heart disease in man are unconvincing 


except secondarily through such dis 


eases as diabetes and familial hyper 
history of 


cholesteremia!. A family 


much cardiovascular disease was more 
frequent among patients of Gertler and 


White?’ the 


general population Wal 


others- than in 


The 


modern 


and of 
matter 
rants exploration by genetic 
methods, with consideration of occupa 
tion and other factors of the social en 
vironment. No direct 


blood 


heart disease 


studies on. the 


relation of groups to coronary 


are known 


Body build is to a large extent con 
genitally determined'™; obesity is prob 
ably determined more by environ 


constitutional factors!" 
life 


data'®” have noted that obese persons 


than 


concerned 


mental 


Those with insurance 
have a shortened life expectancy, with 


coronary heart disease one of the rea 
sons. Despite the selected nature of the 
sample, the results are provocative 
Clinical and necropsy studies have for 
the most part borne out this associa 
tion®*!27 but discordant findings exist 


Of 240 patients with acute mvyocat 





1) 


ib 
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dial intarction'* those judged obese had 
in immediate fatality of 32%, those of 
erage weight 39%, while the rate for 
underweight patients was 60%. The ta 
tality for obese patients of both sexes 


16 was less than the over-all fatal- 


ity (24 of a group of 920 patients 
with coronary heart disease reported by 
Smith et al.'™*. Yater?*" found the same 


proportion of overweight individuals 
unong S66 youn? patients with coro- 
nary infarction in the Armed Forces 

in a control group of 297 soldiers 
killed accidentally. 

Weight reduction is claimed to im- 
prove prognosis of obese patients with 
coronary heart disease™*!#2"4%) The 
question is unsettled. The preferred 


ter nique of fixed sample is not usual, 


nor is bias from other influences elim- 
nated. It is not certain that the re- 
ported result is from simple loss ot 
pounds or from the kinds of diet which 


bring it about 
Pha ipparent relation of f body build 
to chance of developing coronary dis- 
“© is impressive. That coronary 
thrombosis occurs most frequently in 
rhe somorphs ind rarely in ectomorphs 


is an early observation!** 


The care- 
| study by Spain'*’ of 73 young men 
ving an accidental death and 38 who 
lied of coronary heart disease demon- 
rated a greater degree of atheroscle- 
sis in those preponderantly meso- 
iorphic, but little correlation with 


besitv. The same association with 
T somorphy was evident in Gertler and 
Vhite’s™ group of young patients with 
oronary heart disease. Granting 


matotyping to be a valid measure- 
ent, the main question is the re 
{ mesomorphy directly responsible. 1 
ems not to be excessive androgen. 
Psychic Constitution. The comoept 
in inherited coronary personality" 
been advanced but scientific sup- 
wt is nonexistent. This does not dis- 
sunt what every physician and most 
eople know, that the personality pat- 
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tern of a person, representing both in- 
herent and acquired attributes, has 
much to do in determining the reac- 
tion to environmental stress. Presum 
ably, unknown or unevaluated features 
of the psychic makeup of man_ will 
one day prove useful in prevention of 
coronary disease. Any penetrating 
study into causation reasonably gives 
attention to clues in this direction, 
through thoughtful observations care- 
fully recorded. 

Synergism and Antagonism in Coro- 
nary Heart Disease. That one disease 
may change the course of another'®> is 
an old, a familiar, and a poorly under- 
stood observation. The effect in nature 
is sometimes protective and sometimes 
detrimental. The choice as to unit of 
observation is either the single patient 
and the method of study clinical, or a 
population of people with disease in 
mass proportions examined epidemio- 
logically. 

Patients with diabetes mellitus have 
long been known to suffer more severe 
atherosclerosis and at an earlier age 
than nondiabetics. Since insulin, severe 
hypercholesteremia is a less common 
complication but whether or not ar- 
terial degenerative changes have been 
reduced is another question. Specialists 
in diabetes such as Joslin®* and 
Dunlop*” believe that good control 
sults in less atherosclerosis. Another 
series of 383 randomly chosen diabetics 
of all ages''® demonstrated an associa- 
tion between arteriosclerotic heart dis- 
ease and older age, for the male sex 
and the presence of hypertension. 
There was no correlation with obesity, 
cholesterol level or degree of control 
or duration of disease. In a review of 
the problem Dolgert* concludes that 
“present day treatment of diabetes has 
failed to avert the accelerated vascular 
damage, which is an associated phe- 
nomenon of the disease and not a com- 
plication.” 


Cook et al.** 


described alloxan dia- 
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betes as inhibiting atherosclerosis in the 
cholesterol-fed rabbit. This protective 
effect was accompanied by significant 
changes in the lipid pattern, a decrease 
in the cholesterol-phospholipid ratio. 
Most diseases commonly associated 
with atherosclerosis and coronary heart 
disease are characterized by high levels 
of serum cholesterol and other lipids. 
Familial the 


example, where coronary heart disease 


xanthomatosis is classic 
is commonly manifest at an earlier age, 
and blood lipid levels are much higher 
than 
are characteristically high in patients 


usual. Serum cholesterol levels 


with myxedema and nephrosis, and 
heart i 


occur at early ages® 


coronary disease is known to 
in nephrosis, but a 
greater frequency is not certain for 
either disease 
Hypercholesteremia is frequent in 
chronic gallbladder disease but with no 
tendency toward an excess frequency 
of atherosclerosis or coronary disease 
even in women after the menopause. 
Coronary occlusion occurred in 20% of 
165 cases of cholesterosis of the gall 


bladdei 1.319 the 


frequency was 22.6%. The hyperlipemia 


among controls 


of chronic biliary cirrhosis is, however, 


characterized by a low cholesterol- 


phospholipid ratio”, 


Inflammatory endarteritis and myo 
carditis conceivably have the capacity 
to predispose through vascular.trauma 
LO.000 


disease, 


to localized atheroma. Of some 
patients with cardiovascular 
2.800 had heart 
other 1,346 had rheumatic heart dis- 
Only 32 patients had _ both. 
and White®® concluded that 
heart pre- 
dispose to coronary heart disease. 
Environmental Influences. Environ- 
mental factors bearing on the origin 


coronary disease, an- 


ease 
Gardnet 


rheumatic disease does not 


and frequency of coronary heart dis 


ease are St parated to advantage into 
three categories, the phy sical, the 
biologic and the social environment: 
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analysis is according to an 
established 


environment has to do with such things 


ecologic 
pattern’ The physical 
as climate, altitude, radiant energy and 
toxic chemicals. 
Physical Environment. In most local 
ities of temperate zones, the greatest 
deaths is in 


frequency ot coronary 


winter!*:*!"_ Seasonal stress in warmet 
areas is greater in summer than winter, 
suggestion of a reversed fre 


Data Dallas, 
support that view but recent informa 


with 
quency. trom Texas” 
tion from Houston of the 
the 


Petersen 


same state 
demonstrates usual winter fre 


Both Mills 


have provided fascinating speculation 


quency and 


on meteorologic influences on arterio 
sclerosis and hypertension but weather 
data are complicated and there are no 
data helpful to an understanding of 
heart diseass 


Ultraviolet light? is ré ported to have 


corona;’ry 
induced a significant decrease in serum 
cholesterol levels for 61 of 78 hospital 
patients with a variety of diseases. Ra- 
diant energy seems to have an inhibit 
ing effect on experimental atherogene 
sis*', possibly through lowered serum 
lipid levels. A relation to coronary heart 
disease has not been tested 

the 


\ SUYU YUE ‘sted 


Carbon monoxide is probably 
toxic fume. 
to heart 
specifically coronary heart disease, is 
taken care of Donald 
Hunter”® who denies the existence of 
chronic carbon monoxide potsonmg and 
effect of the 
condition on the cardiovascular system 


most common 


causal relation disease!®, not 


nicely by 


states the only ill acute 
is aggravation of existing disorders in 
old people and cardiac patients. 

\ variety of chemical compounds of 
high molecular weight, such as methy! 
cellulose, polyvinyl alcohol and vumMm 
arabic, injected into animals sus« eptible 
to atherosclerosis, produce intimal le- 
with 


SIONS similar to those assoc iated 


hy percholesteremia. Hueper 


suggests 
aha 








ts 
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that these agents have the common 
effect of producing intimal anoxia, and 
that this is the precursor of athero- 
sclerosis" 

The biologic and pathologic effects 
of tobacco smoke have been docu- 
mented'™’, but a clear-cut effect in 
causation of coronary disease has not 


been demonstrated. Electrocardio- 
graphic and ballistocardiographic 
changes are commonly — seen after 
smoking’'*, and anginal symptoms, 


presumably due to decreased coronary 
How, are described after cigarette 
smoking Epidemiologic interests 
have turned recently to a variety of dis- 
eases and their fre quency among smok- 
ers and non-smokers. In the United 
States*’ death rates for coronarv heart 
disease were twice as high for smokers 
of one to two packs of cigarettes daily 
is for non-smokers. In British exper- 
ience®® on the other hand, the small in- 
crease in deaths from coronary heart 
disease was insignificant compared 
with that for cancer of the lung. A 
general review by McDevitt and 
Wright'** produced no evidence that 
tobacco is an etiologic factor in coro- 
narv heart disease, but that once es- 
tablished its use has an adverse effect. 
Heavy use of tobacco and coronary 
heart disease may be no more. than 
oing idental in persons prone to athero- 
clerosis 

Infectious 
gents and diet are the important fea 
tures of the biologic environment. in 


Biologic Environment. 


elation to coronary heart disease. Be- 
use nutrition governs lipid metabo- 
lism, that subject is included. 
INFECTION. Evidence of a specific in- 
ectious agent of coronary disease is 
vholly lacking. It is possible that vas- 
ular reactions to certain microbial 
gents may predispose to the disease’; 
holesterol-induced atherosclerosis in 
he chick is believed enhanced by in- 


testinal infection'®?. Modern control 
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measures for communicable disease 
have so reduced incidence that many 
more people now live to develop coro- 
nary heart disease. The relationship 
seems little more than that, an oppor- 
tunity for aging and_ atherosclerosis. 
When infections in childhood were 
commoner, coronary heart disease was 
at an older age than now; with fewer 
infections the age of attack is earlier 
and the disease more frequent. 
NUTRITION. The metabolism of se- 
lected nutrients has a part in the gene- 
sis of both atherosclerosis and the 
thrombosis which underlie coronary 
heart disease. Since the discovery by 
Vogel?"* that human atheromatous le- 
sions are rich in cholesterol, and of 
Anitschkow* that cholesterol-fed rab- 
bits develop aortic atheroma, abnormal 
lipid metabolism has dominated 
thought on pathogenesis. All methods 
for inducing atherosclerosis in animals 
produced that result through increased 
serum cholesterol concentration, the 
single exception being the choline- 
deficient rat. Patients with coronary 
heart disease average a higher level of 
cholesterol than do controls'***', 
However, values vary widely with 


103.1478 and social status, and aver- 


age 
age differences are not always dis- 
tinctive. 

Ingested fat and cholesterol pass the 
intestinal lymphatics mainly as_insol- 
uble chylomicra*’. Patients with coro- 
nary heart disease have elevated 
chylomicron counts for long periods 
after a meal but individual variation 
and laboratory error make the test im- 
practical®:'**. Cholesterol is synthe- 
sized in the liver. It is esterified with 
fatty acid and phospholipid, and com- 
bined with protein to become soluble 
in blood**!%°; endogenous cholesterol 
level apparently varies inversely with 
the amount of ingested cholesterol". 
Cholesterol feeding has led to hyper- 
cholesteremia and atherosclerosis in the 








346 The 


rabbit pig**, fowl’ and 


more recently in the monkey 


vuinea 
and rat* 
\ consistent hypercholesteremia does 
not follow ingestion of cholesterol by 
man 
Other a marked effect on 
serum li tatty 
icids lead to hypercholesteremia while 


markedly 


lowel bl od choleste rol. a fact recently 


fats have 


} ] 
lipids in man. Saturated 


certaim unsaturated ones 


aemonsti ited and 


firmed 


repeatedly con 
The degree of unsatura 
tion appears more important than ani 
vegetable atte 
genation vegetable oils no longer exert 
ettect The 
but Sinclair'® 
cholesterol 


mal o1 origin: hydro 
a  hypercholesteremic 

is unknown 
that 


cation with noness¢ ntial, saturated fatty 


mechanism 
} 


has theorized esterifi 


acids results in esters which are poorly 


metabolized and thus accumulate in the 
plasma He suggests that essential fatty 
acid deficiency is a cause of coronary 
heart disease 

\n improved understanding of lipo 
protein metabolism has contributed to 
the role of All 
plasma lipids are be 
combined chemically with alpha and 
beta 


By chemical fractionation!’ 


] 

lipids in atherogenesis 
now known to 
elobulins of the plasma protein. 
. by elec 


trophor SIS two main groups are dis 


tinguished Alpha lipoproteins are 
small, dense molecules with little cho 
lesterol in relation to phospholipid; beta 


lipoproteins are larger, less dense and 


richer in cholesterol \ high concen 
tration of beta lipoprotein is frequently 
heart disease 
both 


in humans and in experimental ani 


} 1 
associated with coronary 
] 


ind other atherosclerotic disease. 


mals Equally cood correlation exists 


between atherosclerotic disease and a 
high ratio of cholesterol to phospho 
lipid®*. Low  cholesterol-phospholipid 
the solubility 


of blood lipids and to protect against 


ratios appear to increase 


Corona;’ry athe rosclerosis. Normal Wwom- 
en have lowe1 cholesterol-phospholipid 
ratios and higher a/b lipoprotein ratios 
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than men; males treated with estrogens 
manifest the female lipid pattern 
Further knowledge of lipid metabo 


lism in health and disease has come 
from the ultracentrifugal flotation tech 
nique of Gofman et al Beta lipopro 
teins apparently exist in series 


pro 
gressing from Sfo, the smallest and most 
dense, up to Si which are chylo 
micra‘*?. Gofman believes that in normal 
persons few lipoproteins above Sf, ar 
present In plasma except during li 
mentary lipemia, when a transient ris¢ 
lighter 
Con 


blo k pre sumably 


lad 
normal serial ce gra 


and fall occur in th larger 


macro-molecules. In atherogenic 
metabolic 


intert res W ith the 


ditions a 


dation of highe lipoprot. ins down to 


the Sfo-. classes. In coronary heart dis 
ease, and in other conditions characte) 
ized by atherosclerosis, high concen 
trations of Sfe to Sf ire usual. The 
test is suggested as of diagnostic value 
in subclinical coronary disease. In an 
effort to develop i test which would 


check with actuarial data 


Gotman et al. devised a 


on coronary 


heart disease, 


mathematical formula, based on a: 


r¢ aS 
] 
values to 
) , 


pute an accumulated coronary disease 


well as lipoprotein com 


ACD) value’ This was done be 
cause of the failure of lipoprotein 
alone to provid in accurate measure 
some still doubt that it has been 
done. 


merits ot St 
lipoprotein and cholesterol 
detection of 


Disagreement on the 


Measure 
itheros¢ lerotic 
coronary has influenced the 
National Advisory Heart Council'®’ to 


undertake cooperative studies of serum 


ments in 


diseas« 


lipid determinations in health and 
disease at four centers, Berkeley, Cleve 
land, Boston and Pittsburgh. The esti 
mation of total cholesterol is much 


simpler, which raises the question of 
whether or not it is necessary to employ 
the more complicated test by ultra 
centrifuge. 

Hahn* in 1943 


The observation by 
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that lipemic serum clears after intra- 
venous administration of heparin, led 
to a new concept in pathogenesis of 
coronary heart disease and the possi- 
bility of a preventive measure. The de- 
creased turbidity of lipemic serum in 
vivo atter administration of heparin is 
due to a lipoprotein lipase activated 
by heparin and enzymatically hydro- 
lizing higher Sf lipoproteins to form 
smaller lipoprotein molecules and free 
fatty acids 


hye art lise iS¢ 


Patients with coronary 
exhibit impaired clearing 
of lipemia after intravenous — hep- 
rin Whether or not endogenous 
eparin functions physiologically in tat 
transport is unknown, but the possi- 
lity that heparin deficiency may be 
mportant in coronary heart disease has 

soested its use in prophylaxis. Hepa- 
in and other anticoagulants have been 
ised extensively in acute myocardial 
nfarction to limit thrombosis, but the 
mall dosage sufhicient for clearing 
lect does not prolong clotting time. 
Since clotting in vitro is shortened by 
ipemia' lipemia clearing may also 
nhibit intravascular coagulation, 

Therapeutic trial of heparin in an- 

ha pectoris has given conflicting re- 


ilts However, only 4 deaths from 
irdiovi iscular disease occurred among 


) patients’ recovered from myocar- 

ial infarction and subse que nitly treated 

vith bi-weekly heparin injections, com- 
ired with 21 such deaths among 117 
mtrols judged to have had equally 
vere disease and carried on a com- 

rable schedule of saline injections. 

he probability of such a difference 
curring by chance is less than one 
t hundred. That Dicumarol as well 

heparin minimizes atheroma forma- 
m in cholesterol-fed chicks** suggests 
ie anticoagulant effect to be the 
re important, and also supports 
emphasis on the throm- 
tic pathogenesis of coronary athero- 


4 


iwuid s' 


lerosis. Much more study of this de- 
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bated preventive measure is essential 
to final conclusions. 

Aside from the question of whether 
lipids are primarily or secondarily con- 
cerned in atherogenesis, the mechanism 
by which they are deposited in vascu- 
lar lesions is import: int. Simple filtration 
enhanced by intravascular pressure and 
fatty degeneration of mural thrombi are 
e xplanations. Other theories have been 
suggested but with no convincing proof. 
Phagocytosis by foam cells as ad- 
vanced by Leary!'2" and intravascular 
svnthesis of cholesterol** both occur, 
but probably in insufficient degree to 
account for sizable lesions. Using tissue 
culture techniques Simms'*! has de- 
scribed lipfanogens, occult substances 
of unknown nature converted by endo- 
thelial cells into visible fat. 

Nutrients other than lipids acting 
variously through excess or deficiency, 
are known to have a part in athero- 
genesis, although probably secondary 
in nature through facilitating more evi- 
dent causative factors. Diets high in 
protein and low fat plus added salt 
produce typical aortic atherosclerotic 
lesions in rabbits'*® suggesting the im- 
portance of a renal or adrenal factor. 
Choline deficiency, both acute and 
chronic, causes coronary and _ aortic 
atheromata in rats?!® without the usual 
elevation of serum cholesterol, and 
atypical also in the severe fatty degen- 
eration of liver and kidney. 

\ deficiency of sulfur amino acids, 
mainly methionine, along with added 
dietary fat and cholesterol produces 
coronary atherosclerosis in the cebus 
monkey!22 an animal otherwise _resis- 
tant. Lesions were absent when the 
diet had no choline, suggesting that 
deficiency of lipotropic factors was not 
the mechanism. Atherosclerosis, includ- 
ing coronary atherosclerosis, has been 
produced in the rhesus monkey by a 
diet deficient in pyridoxine’. As a 
causative factor in coronary heart dis- 








w4t8 1 American Journal of the Medi 


s¢ hroe der!*6 
pyridoxine 


ease gives more weight to 


deficiency than lipid dis 
turbances 
An important consideration in all ex 


perimental atherosclerosis is that ath 
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ent countries, Table 3, are so distinct 


as to direct a main attention to social 


forces, among others the provision for 
Existing evidence 


medical care on pe 


culiarities of race, geography or cli- 


erosclerotic lesions of the coronary mate scarcely accounts for such varia 
arteries are rarely associated with tions. Without exception, countries of 
thrombosis high economic development have the 
rABLI DEATHS FROM ARTERIOSCLEROTIC AND DEGENERATIVE HEART DIs 
KASE, CODE NUMBER $ 420-4225 AND OTHER DISEASES OF HEART, CODE NUM 
BERS 400, 416, 430-454, 440-4438 PER POPULATION PER YEAR, FOR SELECTED 
COUNTRIES AND YEARS, 1951 TO 1954 
{rt erot »» (il r D 
D i Heart D fH 
R ( Vu Ra Vuml Ra 
United States (19538 $46,927 282 22.612 14.3 
North A Canada (1954 OSLO 222 .9 1.860 lz 
Mexico (1952 1.490 , 18.017 66 0 
~ \ Chile 1953 2 2O4 tie 4 ) ) my oS 
England and Wales (1953 131.436 208 0 0 17.1 
Sweden (1958 16,457 229 > 527 ee 4 
North-We West Germany (1953 79,988 168 11.856 24.2 
Netherlands (1958 15,453 147 1.9380 IS. 4 
Norway (1953 46 135 1.080 + ae | 
fJelgium (1953 O S17 111.8 12.407 14105 
Italy 1953 S3.658 176 6.469 13.6 
Yugoslavia (1953 $.658 124 6 70] 18.8 
Medit Israel (Jewish Population 1954 LSI4 120. 9 206 i3..%7 
Egypt (1952 2 524 28 2 1,216 13 .¢ 
Afri Union of South Afric 195] £30 1634 00 14.7 
Japan (1953 IS.71S +4 14.119 16 
| | Cevlon (1954 2.097 25 0 1.218 14 5 
‘Taiwan (1953 30S he PAG “8 
New Zealand (Exe. Maoris 1955 £ SOU 252 2 2S 27 
Au Australia 1958 21,237 240 9 » 110 23.9 
™ ot Demographic Year Book 1955. New York United Nation Lot 
Social Environment. As a social ani- higher mortality. The low rate for Bel 
mal, man is decisively influenced in his gium is seemingly artificial: that for 
behavior by the customs, attitudes and Other Diseases of the Heart is corres 


beliefs ol he 


and also by social, economic and polit- 


those with whom lives, 
ical organizations within that societv. 
extent habits ar 
socially conditioned and so are occupa- 
tion, physical activity and reaction to 
stressful 


To a great dietary are 


situations. 
Differences in recorded deaths from 


arteriosclerotic heart disease in differ- 


pondingly high. 
Food Economics. During World Wai 


death rates from cardiovascular dis 


“eases fell off in areas where food sup 


ply was restricted, an experience re 
peated during World War IL?!" 
The hold to 


general thromboembolic phenomena as 


lesser rates, which also 


well as tor coronary heart disease, rOS¢ 
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pre-war levels when wartime condi- 
tions ended. Observers!” attribute the 
effect to low intake of dietary fat, with 
the psychologic and physical hardships 
of war unimportant or even operating 
beneficially in regard to coronary heart 
disease. However, it is well to point out 
that diets low in fat usually vary in 
other nutritional characteristics from 
high fat diets. Thus they are usually 
high in fiber and starch and low in pro- 
tein and vitamins. There may also be 
a change in intestinal flora, so that 
nutrients other than fat must be con 
sidered in low fat diets. If changes in 
diet were responsible, the mechanism 
may be equally well an altered coagu- 
lability of the blood 


atherosclerosis. 


a regression ot 


\ relation between dietary fat, serum 
cholesterol concentration and preva- 
lence of coronary heart disease has 
been explored geographically by Keys 
et al 4.105, In Naples, Sardinia and 
\ladrid, mortality for arteriosclerotic 
heart disease is relatively low. How- 
ever, groups of low income workers 
in apparent health had lower serum 
cholesterol levels and lesser fat intake 
than more affluent citizens. The latter 
had an appreciable frequency of coro- 
nary h ‘art disease; hospital records re- 
ealed few cases among ward patients. 
The results are only suggestive be- 
tuse of the short term observation, 
ifficulty in estimating dietary intake, 
specially fats, and none too certain 
lata on coronary heart disease. 

Much the same situation has been 
ioted in Puerto Rico where Amadeo* 
found far less coronary heart disease 
the interior of 
ie island where a deficient diet re- 
ulted in chronic anemia than in the 
ity of San Juan where the diet was 
etter and anemia infrequent. 


mong natives living 


lhe prevalence of coronary heart 
lisease in the same racial stock but 
iving in different environments is a 
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pattern of field investigation directed 
toward differentiating constitutional 
and dietary factors in coronary heart 
disease. Preliminary results indicate that 
Japanese in Hawaii'!’ with a diet richer 
in fat have serum cholesterol at high- 
levels and that coronary heart dis- 
ease is more common and at younger 
ages compared with Japanese — in 
Japan?'**. Similarly, South Italians liv- 
ing in Boston had significantly higher 
serum cholesterol and fat intake than 
Italians in Naples**; the influence of 
other social factors and a relation to 
coronary heart disease in these two 
Italian " groups have not yet been 
evaluated. 

Physical Activity. The adverse effect 
of excess physical activity on angina 
pectoris and during the he aling stage 
of myocardial infarction is recognized. 
\ relationship between such activity, 
occupational or otherwise, and onset of 
coronary thrombosis or atherogenesis is 
indefinite. Indirect evidence relating 
physical inactivity as a factor favoring 
coronary heart disease comes from re- 
cent laboratory, clinical and popula- 
tion studies 

Heart muscle, according to Raab!", 
contains the sympathetic amines 
epinephrin and norepinephrin in un- 
usual concentration. Norepinephrin 
promotes efficient oxygen utilization 
and predominates in the myocardium 
of trained athletes. Epine phrin, an OXY- 
gen-wasting substance, is higher in 
hearts of sedentary persons, especially 
those with coronary heart disease. On 
the assumption of poor myocardial 1 
sponse to diminished blood flow being 
a more important factor than narrowed 
coronary arteries, he generalizes that 
physical inactivity, so common to our 
civilization, is a major cause of coro- 
nary heart disease. 

Healthy men on diets that produced 
obesity and hyperlipemia under condi- 
tions of normal activity, by increased 











ye) The 
physical able to main 
tain normal weight and prevent hyper 
lipemia 


LCTCISE were 
The disposal of caloric in 
take by enerey expenditure rather than 
by accumulation ol tat 
Miore dec 
than the amount o1 
vested. Native 


hill pé 


Was believed 


sive in regulating serum lipid 
kind of 


Guatemalan and Niger 


food in 


have little coronary 


isants 


heart disease low cholesterol 


serum 
beta lipoprotein values that 


ipproximat those in the United 
States. The natural physical activity of 
these primitive people as well as the 
low tat, low protein diet they character 


istically consume was interpreted as 


providing protection from coronary 


heart disease 
Krom mortality data of England and 
Wales \lorris that 


deaths trom heart disease are 


Connie ludes 
Coronary 
slonihca ithy less tor 


than for 


heavy laborers 


prot ssional workers. To sepa 


rate the effect of phy sical activity from 
social class, he determined the fre 
quency of coronary heart diseas« 
among London transport workers. Con 
auctors whose activity on double 
decker buses is considerable, suffered 


more angina less infarction 


did the 


warrant elaboration to determine other 
potential 


but than 
sedentary drivers. Such studies 

influences, along with serial 
observations a definitive 


heart 


necessary tor 


answer on how much coronary 
disease, 

Emotional Stress. Since John Hunter's 
prophe tic assertion that his life was at 
the merey of any rascal who provoked 
his tempel the that 


anger, fear and anxiety precipitate cor- 


view is Common 


onary heart dis« ase in susceptible indi- 
viduals Scattered 


give inadequate support to this unes 


investigations! 


tablished hy pothesis. Cannon’'s*! classi 


cal studies on homeostasis included in 
formation that cats experiencing fear 
and rage had a markedly shortened 


clotting time, by way of ‘sympathetic 
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the 
confirmed result!*! 


key 


stimulation of adrenal medulla, a 


Intravascular coag 


ulation is a factor in coronary 
thrombosis. 
Selective 


hvpothalamic centers of cells of — the 


stimulation — by discrete 
adrenal medulla secreting epinephrin 
and norephinephrin has recently been 
shown experiment lly Psychophysio 
logic studies in man suggest that situa 


tions which 


cause anxiety produc 
marked secretion of « pinephrin rather 
than norepinephrin 

Chere mav be ivreement that 


bad 


coronary heart 


Cenel 
emotionally charged situ 
for the 


disease but it has never been shown 


itions are 
patient with 
that the emotional reactions of such pa 
tients differ 
the general population 

Application of Epidemiolgical Meth- 
od to Coronary Heart Disease. Most 
medical 


; 


significantly from those of 


activities with a part in the 


prevention and control of coronary 
heart disease have recognized the chal 
lenge for epidemiological research 
Official health agen find field in 
vestigation a necessary feature of pro 
grams for control of heart disease: lab 


oratory investigators Incorporate 


I 
field method as an adjunct to biochemi 
the str 


clinicians 


cal procedure some ot 


mee! 


supporters are amon 


and epidemiologists have _ initiated 


studies in thist! and other countries 


\ growing regard for the usefulness ol 
the epidemiologic method in heart dis 
feature of the 


This is evident in current editori il com 


ease 1S a past 10 vears 
by medical journals and a firm 


backing by 


ment 
organizations responsibl 
tor research*, 

Wailable 


An inventory of materials 


for study, of 


sources ol intor 


existing 
mation and elective procedure in epi 
demiologic method has the aim of re 


field 


In the beginning it is purposeful t 


vealing opportunity for studies 


recognize that epide miology is a disci 
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pline having its own body of knowledge 


and its own particular uses, but that 


primarily it is a method of study ap- 
plicable to medical 
venerally 


investigation 


The fundamental business of epi- 
demiology is to define the pattern of 
behavior of a disease in communities 
of people, in this instance coronary 
heart disease. Incidence is determined 
for subgroups having different  char- 
acteristics, and living under different 
environmental conditions™!. The eco- 
logic analysis just preceding has dem- 
onstrated uneven distributions between 
men and women, old and young, white 
and Negro malnourished and over- 
nourished, an industrial as contrasted 
to an agricultural civilization, and be- 
tween the active and inactive. An 
established principle recognizes dis- 
eases with material differences in at- 
tack rates among divisions of a popu- 
lation as particularly suited to epi- 
demiologic study. Some of these asso- 
ciations have more strength than others: 
few have been established at a cause 
ind effect level. Meaning is enhanced 
by identifying a particular association 
in a number of subgroups, such as 
ocial status, rural and urban residence 
ind occupation, with further test for 
nternal consistency by making new 
population divisions. _ 

\ pring ipal deficiency is that know]- 
dge of the impact on populations 
oncerns only a part of the process. 
The frequency distributions of coronary 
itherosclerosis are unknown. They may 
r may not correspond to those of the 
nd process. Also in mass disease gen- 
rally, the search for causes is favored 
by study of early forms, a_ feature 
iaving weight in this instance because 
oth host and environment are much 
hanged by the regimen imposed in 
lanagement of the manifest disease. 
Che relationships of coronary heart dis- 
ise itself are ill-defined; death rates 


are little more than good estimates; 
morbidity has an even less secure 
foundation. In most instances available 
information is from populations of pa- 
tients, which always carry limitations 
not a part of a general population. 
Much remains to be done about what 
was termed the fundamental business 
of epidemiology. With these reserva- 
tions, profitable leads exist in a search 
for cause, which is the second larger 
purpose of epidemiological investiga- 
tion. 

With added pertinent knowledge 
from clinical sources, animal experi- 
ment and a variety of laboratory sci- 
ences, hypotheses are developed to test 
such associations for validity, cCOnsis- 
tency, and a causal relation. The par- 
ticular problem determines whether 
that be by epidemiologic analysis, clin- 
ical investigation or laboratory experi- 
ment. When it is epidemiological, the 
question of populations by the nature 
of things is the first consideration; no 
people, no epidemiology. 

Populations. The choice of a study 
population is within two broad classes: 
a general population which includes the 
sick and the well, and a population of 
patients with the disease. Each has the 
distinction of being open or closed. The 
closed population starts as a fixed unit 
and so continues with calculated al- 
lowance for attrition. The open popu- 
lation is subject to continued addition 
and subtraction. The advantage is with 
closed populations in most studies of 
a causative factor. 

POPULATIONS OF PATIENTS. The most 
satisfactory population of patients in- 
cludes all recognized cases within a 
prescribed universe of time and space, 
with chance variation in severity, extent 
of involvement, duration of illness and 
the characteristics imposed by biologi- 
cal and social differences among 
people. Complete representation de- 
pends upon the extent to which other 








t 
tion to the preclinical. 


1an clinical methods extend recogni- 


Necessity, or the advantage toa par- 


ticular investigation, commonly de- 
cides that a portion of the general uni- 
verse Of patients is taken as the unit 
of study. Deaths frequently form the 
study group and because of the nature 
heart the 


selected unit of those dying suddenly. 


of coronary disease more 
In both instances restriction may extend 
to those necropsied. 

Whether accumulated from private 
practice, from outpatient clinics, or 
from hospitals, populations of patients 
have the common limitation of an in 
definite knowledge of the basic popula 
tion to which they relate and how rep 
the 


universe ol patients with the disease. 
GENERAL POPULATIONS. In 


resentative thev are of general 


tew situa- 


tions does a general population, the 


whole of an identified universe, serve 
practically in field study. Most investi 
gations require consent of individuals 
with the result that re 


fusal introduces selection and question 


to partic Ipate : 


of the sample as representative of the 
whole 

For pra tical reasons concerned with 
availability, or consent, or ease of oper- 
itions, selected fractions of a general 
population often serve as the study unit. 
Groups of employees within an indus- 
try, men in military service, participants 
It) industrial msurance or pension or 
medical care schemes, school children, 
residents of institutions, and members 
of fraternal or other social groups'** 
illustrate such populations. Selection is 
sometimes outspoken in such elemen- 
tary characteristics as age, sex or race. 
\ hidden individuality may rest in dif- 
ferences in risk, social behavior or en- 
vironment. How representative it is of 
the general population from which it 
is drawn, and of the particular class 
it represents are invariable considera- 


tions 
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POPULATION SIZE. Size of population 
ranks with kind in the design of field 


studies. Decision depends upon the 


particular circumstance, with time, the 
frequency of the event under observa 
tion and the desired degree of 
confidence the determining — factors. 
Reasonable assumptions drawn from 


experience permit mathematical deter 
mination of numbers needed. The sta 
tistical result 


is corrected by consider 


ation of epidemiological factors to 
assure a population size giving a Satis 


and vet 


factory answet avoiding 
wasted effort. A little early effort with 
yellow paper is cheaper than field 
operations as a means to gain this 


information, and also more assuring 

The kind of 
population, the hypothesis to be tested 
the the 
sources of information for a particular 


Sources of Information 


and study design determine 


study. For patient populations, th 
records of medical examination are those 
of original and progress observations 
Such populations serve most usefully 
as a fixed population followed by life 
table methods. Clinical records accord 
ingly require supplement by periodi: 
interview or questionnaire, with the 
first definitely preferred 

Necropsy records of a teaching hos 
pital*® are the usual source of infor 
mation for studies of deaths. Those of 
medical examiners have special useful 
ness in coronary heart disease; compat 
ison between localities — is possible 
where legal requirements and practices 


similar. All 


selected in 


deaths are highly 
the universe ol 
heart 


and of course the general population 


are 
terms of 
patients with coronary disease 


Nevertheless, as a source of material 
tor epidemiological purposes necropsy 
had full this 
or any other chronic disease. 

The recorded data of the National 
Office of Vital Statistics provide the 


material for study of deaths from coro 


records have not use mn 
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nary heart disease in relation to a gen- 
eral population, with census data 
providing the denominator for rates. 
Epidemiologic usetulness is restricted 
by the necessary limitation of analyses 
to the standard demographic variables 
provided, and for coronary heart dis- 
ease especially by the vagaries of classi- 
hceation. 

Sources of morbidity information for 
general populations are either the ex- 
isting records ordinarily collected by 
community groups tor other purposes, 
or data obtained by direct field investi- 
gation. Health records of selected in- 
dustries are in the first group, as are 
insurance — statistics, particularly — of 
industrial policyholders. A heart regis- 
ter patterne «d after the cancer register 
does not exist nor is coronary heart 
disease justifiably reportable. Routine 
records or even those of the general 
health survey'** commonly fail to pro- 
vide the detailed information or indi- 
vidual items about coronary heart dis- 
ease essential to evaluation of a  sus- 
pected causative factor. A field study 
directed to the particular purpose be- 
Comes He ae 

\d Hoc Studies. Cross section meas- 
urement of frequency is the determina- 
tion of prevalence. All cases of coronary 
heart disease, old and new, all forms, 
ind of varying duration, are enumer- 
ited at a specified time and rates cal- 
culated on the basis of a known popu- 
lation. Appropriate subdivisions of the 
population according to demographic, 
biologic and social characteristics re- 
sult in specific frequency rates, for the 
lisease as a whole and for its recog- 
nizable parts. 

The field review or incidence study 
letermines the rate at which new cases 
cur in the study population within 
pecified intervals of time. This longi- 
tudinal pattern continued over a num- 
ber of years is suited to chronic dis- 
ases. Short term design of the nature 
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ot a pilot study, or even prevalence 
investigation, sometimes suffices — to 
establish causative factors; the usual 
contribution is recognition of leads to 
be developed by special investigation. 

The long- term study takes two forms, 
retrospective and prospective; less com- 
monly, a combination of the two. The 
distinction rests in that data are col- 
lected by working either backward 
forward from an arbitrary date. That 
the one deals with the past and the 
other with the future does not hold 
necessarily, although that is usual. 

The retrospective study, also known 
as a proband. study, ordinarily starts 
with a population of patients identified 
as having coronary heart disease. Con- 
trols are essential. Commonly they are 
drawn from patients of the same source 
but with an unrelated disease or injury, 
thus eliminating one feature of selec- 
tion; persons in good health are an 
alternative. Test subject and control 
are matched for essential characteristics 
other than the disease in question, such 
as age, sex, social status, or other attri- 
bute dictated by the study. Some things 
cannot be matched at all and some 
approximations are inevitable. Ante- 
cedent events and behavior in the past 
history of controls and_ test subjects 
are compared. The method saves time 
and effort in identifying cases; it is 
especially suited to diseases of un- 
common occurrence. The disadvan- 
tages are those of selection inherent in 
any pi atient population. Restriction in 
ability to generalize findings to the total 
population may be lessened by check 
against known epidemiologic constants 
of that population. 

The prospective study starts at a 
fixed time and with an established pop- 
ulation. Cohorts are defined in terms 
of usual characteristics and those in- 
cident to the particular hypothesis. 
What takes place thereafter is deter- 
mined by observation at stipulated 
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intervals and usually over a pre 
determined time set by the experi 


mental design. Problems. of sampling 
enter strongly into choice of population 
in order to avoid selection and because 
generalization does not extend beyond 
the 


study of the general population is the 


universe involved. Technically a 


more difficult and far more expensive; 


such studies are indicated in heart 
disease a Start has been made?!, For 
prospective study to be feasible, the 


disease must be relatively common, and 
coronary heart disease qualifies. Lesser 
expense and ease of operations are at 
tractions of an industrial or insurance 
population contrasted to a general pop 
ulation. The fundamental objective in 


longitudinal studies is comparison of 
the same group at different times; com 
parison is possible with other groups 
at the 


istics are 


time if relevant charactet 
alike 


are of the natural history of the disease 


Sallle 


In essence. observations 


The challenge is to develop means for 
recognition of the earlier clinical mani 
festations, and with adequate labora 
tory aid, a conce pt of precursors. Prog 
nosis, too, can be made measurable. 
Irrespective of planned procedure or 
ultraorganization, a principle as old as 
epidemiology itself comes into play in 
any field study, the value of the isolated 
special situation. It cannot be planned 
for and yet the opportunity is not to be 
lost. Sometimes more is to be learned 
than from hundreds of ordinary 
This is the 


from al 


CAaSCS, 


sort of evidence that came 


irmv mess where two casual 


visitors ate a single meal. Subsequently 
both came down with typhoid fever at 
their the 
same time that an epidemic involved 
the far The association 
settled the origin of their own difficulty 
and that of the outbreak. 
Experimental design of field studies 
commonly suffers from inclusion of too 


individual home stations at 


aWway mess. 


many questions. The ideal is a test of 
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stated 
hypothesis. The indiscriminate collec 


a single association, to judge a 
tion of information with a pious hope 
of ultimately finding out what was dis 
marks the other extreme. No 
implication is made that a single field 
study is likely to settle the epidemiology 


covered 


of coronary heart disease. The structure 
ot epidemiology rests on the interrela 
tionship of many findings about a 
under a variety 
Knowledge of the 


history of a evolves 


variety of factors and 
ot circumstances 
natural disease 
through a framework of circumstantial 
evidence stronger than any of its parts 

The 


pose ot 


Direction of Research 
the 


was to gather possibilities tor epidemio 


The pur 


earlier ecologic analysis 
logic research in coronary heart disease 
As so otten happens, certain funda 
the 


critical need in a forceful investigation 


mental information emerges as 
of causes and an ultimate prevention 
The reliability of stated 


death in coronary heart disease, 


cause ol 
a more 
useful classification of deaths and their 
place among causes of sudden death 
because of the related problems ot 
atherosclerosis, are clinical and patho 
logical obligations. Progress hinges in 
large part on the ability of laboratory 
investigators to develop a_ practical 
means for recognizing subclinical and 
earlier parts of the disease complex 
has the 


charge to provide a quantitative idea 


Epidemiology particular 
of morbidity and mortality for the clin- 
ically definable coronary heart disease 
identify 
epidemiology does not stand alone, any 
than do the other two 
directions of Field 
tions require correlation with the con 


In the endeavor to Causes, 


more major 


research observa 


tributions of clinic and_ laboratory, 


for fit in 
problems studied individually, for evi 


conclusions from common 


one method and not 
within the capabilities of another, and 


dence derived by 


for leads suitable to development by 
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ther procedure. This viewpoint the future: today’s challenge is that of 


has run throughout this review. Rather research. However, the presence of 


easonably active collaboration — be- 


' 
tween disciplines is more frequent, par- 


ti ul 


ary 


] 


multiple factors also has its advantages, 


; for in working from mysterv to mastery 
n the application of bio- : : 


1 nutritional research to 
ition. Nutrition thereby is 


the situation?!> that arose in 


there is no need to wait upon one 
specific agent or the whole of causality. 
In other and analogous situations, un- 
derstanding ot a tew components of the 


ible disease practice around 


causative complex has resulted in a 
en interest in disease came , - 


disappearing in enthusiasm for material advance in prevention; fluori- 


ctious agent dation of water supplies has accom- 
multiple causative factors in plished much, although the causes of 
it disease make the prob- dental caries remain multiple, obscure 


ntrol an accomplishment of and complex 
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Hahneman \ledical College PBI 
determinations by the method ol 
Vict lendon ind Foster I) 
chicken 

led values higher than 

the PBI vels t} other 


Because of the large size of the bovine 


pooled 


i 
| ' | 
sampies Ol whole dog ind cat 


hypophys« Ss Tevea 


many tissues 


1 


nypopny 
i i 


Sis. it Was possibli to deter 


the tissue PBI 


, , 
heuro-hypopny se al 


Tilia 


in the adeno- and 


lobes of separate 
i 


] 


glands Hypophyses were 


trom adt 


extirpated 
It cows and steers. placed in 
watel boiled tor one 
homogenized in a Waring 
Blendor, and centrifuged. The PBI de 


termination was made upon the mince 


icidulated 


minute 


The inge of PBI in the adenohypophy 
from 7.1 to 46.6 ye 100 


om. fresh weight of tissue, with a mean 
of 20.1 


, 
SIS Var1ea 


pel 
I 


In steers the range extended 


from 12.9 to 49.0 with a mean of 16.2 
g. The range of PBI in the neuro 
hypophy is of cows varied from 30.0 
to 215.0 per 100 gm. fresh weight 
with a mean of 104.2 yng.. while in the 
steers a range trom 41.0 to 123.0 was 


shown, with a mean of 74.9 ne. PBI in 
the neurohypophysis of the cow was 
found to be five times greater than in 
the adenohypophysis and four times as 
creat im the steer 
PBI to indicate 


distinct from diiodotyrosine, and these 


The authors believe 


thyroid hormone, as 


] 
ita indicate 


that approximately S0' 


bhi entauon Wa nade p ible by 


5.) 21.0 


lodine in the Neuro- 


] 
a grant tre thie Nationa 


Philadelphia 


\) ) 


total pituitary PBI present: in thi 
neurohypophysis Since the PBL in the 
nT urohypophysis is greater than in the 
ade nohypophysis it seems possible that 
storage of the thyroid hormone may take 
| he 


manner it may be 


place in the former 
| 


ODUSCLITE 


and in some 
released to 
stimulate TSH in the adenohypophysis 
Terpenoid Intermediates in the Bio- 


synthesis of Cholesterol. Frank Drruri, 


M.D. AND FLORAPEARL A. Cosey, Pu.D 
Department of Biochemistry, Univer 
sity of Pennsylvania School of Medi 
cine \ parti le-fre iqueous extract 
of rat liver is described which can in 
corporat C-14-labeled acetate and 
8-hvdroxy-8-methylglutarate HMG 
Into squalene and cholesterol. Using 


this enzvme system with labeled acetate 
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substrate. it was shown 


aS a 


prior addition of squ 
Incorporation of substrate into choles 
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and = tarneseni acid markedly re 


duced the incorporation of LMG into 
squalene lhe recovered tarnesol con 
tained on ictivity, but the farnesenic 
icid was significantly radioactive. Sev 
eral compounds have been prepared 
which are structural modifications of 
the farnesenic acid molecule. These 
compounds have been found to inhibit 
squalene synthesis in vitro, They are 
now being studied as possible anti 
metabolites for the biosynthesis of 
cholesterol in vivo. 

Fhe Pathogenesis of Acute Necro- 
tizing Hemorrhagic Pancreatitis: An 
Experimental Study. Pau Nein, Jr. 
\I.D. anp Davio L. Drasgin, M.D. 
From the Departments of Surgery of 
the School of Medicine and the Gradu 
ite School of Medicine and the Harri 
son Department of Surgical Research 
of the University of Pennsylvania). In 
previous ¢ periments on dogs, the find 
ing, by spectrophotometric analysis, ol 
in abnormal hemin pigment not pre 
viously reported aided in the study 
ft the pathogenesis of strangulation 
bstruction with gangrenous bowel 
Iefhorts to reproduce in vitro a fluid 
lemonstrating the abnormal absorption 
spectrum were successful when blood 


I 
vas incubated with activated pancre 


itic juice. | urther studies revealed the 
pigment to be a hemin split from globin 
presumably by enzymatic digestion. 
The resulting mixture was extremely 
ethal. During this time studies on the 
tiology and pathogenesis of acute 
pancreatitis were in progress. Our ex 
werience confirmed the work of others 
n that large amounts of bile (12 to 15 


ml.) could be forcefully injected into 
the pancreatic ducts of dogs without 
ausing fatal pancreatitis. The results, 
tollowing injection of the fluid resulting 
trom enzymatic digestion of blood, and 
n which the abnormal absorption spec- 
trum was present, were markedly dit- 


ferent. Even though very small amounts 


tf to 5 ml.) were gently injected into 
the duct, the animals became extremely 
toxic with marked elevation of the tem 
perature, tine hycardia, coma and death 
within 24 to 36 hours. Necropsy  re- 
vealed a severe acute necrotizing 
hemorrhagic pancreatitis. We feel these 
studies confirm the pancreatitis. When 
blood remains in contact with activated 
pancreatic juice for a short time an 
extremely toxic substance is formed. 

Mechanism of Action of N-allylnor- 
morphine in Morphine-induced Respi- 
ratory Depression in Man. Herseri 
WenpeL, M.D. anp Curistian | 
LAMBERTSEN, M.D. (Laboratory — of 
Pharmacology, University of Pennsyl- 
vania School of Medicine). Studies on 
the respiratory eflect of N-allylnormor- 
phine and morphine in man confirmed 
the paradoxical effects reported in the 
literature: Intensification by N-allvlnor- 
morphine of morphine depression as 
well as diminution was observed. An- 
tagonistic and synergistic effectiveness 
depended upon. the magnitude of the 
morphine effect with respect to the rel- 
ative potency of N-allylmorphine as 
respiratory depressant. N-allylnormor- 
phine depre ssed respiration half as 
much as morphine. The relationship be- 
tween combined effect and separate 
effects of the drugs indicates that SS% 
of the N-allyInormorphine effect) sub- 
stituted tor 76% of the morphine ettect, 
and 24% of the morphine effect re- 
placed 12% of the N-allylnormorphine 
effect. The relationship between the 
ratios of substituted effects and the 
ratio of the molecular weights of the 
drugs suggests that N-allviInormorphine 
is twice as potent in replacing mor- 
phine as morphine is in replacing 
N-allylInormorphine. 

The different potencies (with respect 
to respiratory depression and to mutual 
displacement) indicate two processes 
involved in the drug action: 1) Com- 


bination with receptors, 2) the phar- 
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count of this the mathematical formula 
tion of competitive inhibition has been 


extended to a general form applicable 


to all 
rhe equation 


competitive drug 
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a morphine effect equal to the maximum 
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hine 
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The same conditions apply to all mor 
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less potency, by N-allynormorphine 
Morphine — effects not 
shared by N-allylnormorphine (es O 
Thus the 
theory explains the opposite effects of 
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BRAIN MECHANISMS IN DIACHROME. By 
WENDELL }. S. Kriec, B.S. in MEpD., Px.D., 


| Professor of Anatomy, Northwestern Uni- 

versity Medical School. Pp. 188; 55. ills. 
Evanston, Il Brain Books, 1955. Price, 
| $7.00 single, $6.00 for ten or more copies. 
Dr. Kriec has attempted a “vivid” three 
imensional visualization of the nervous sys- 

m at ‘work, as it progresses through animals 
nd culminates in man. 

Phe iuthor has written his text chiefly 
round his diachrome reconstruction of the 
uman brain 

This review cannot do justice to this “‘little 
riginal atla printed in full color and in- 
uded as a eparate booklet. With this neuro- 

itomical diorama constantly before him, 
vhile reading the main text, the reader ob- 
tains a kinetic three dimensional picture of 
the cerbral components in their proper rela- 

n to each other 
Due to the small size of the book, the 
ithor has intentionally omitted details of 
tructure of neurone nerves and neuroglia 
ven fully in histology textbooks, as well as 
lood vessels, meninges and many gross ana- 
nical structures found in anatomy books. 
In this book, the author has attempted to 

the cerebral cortex its proper significance 
| importance through a synthesis of our 
wer knowledge of its connection, the dif- 
rentiation and architecture of its areas, and 
results of localized stimulation of opera- 

This work is original, stimulating and will 

helpful and welcome to the medical stu- 
nts physic lans, spe ialists and all interested 

erebral structure and function M. S. 

Nuy Forp HosprraL SyYMpostuM ON Car- 

ASCULAR SURGERY. STUDIES IN PHyYSIOL- 
* GY, DIAGNOsIS AND TECHNIQUES. Edited by 

ONRAD R. Lam, M.D., Surgeon-in-Charge 
livision of Thoracic Surgery, Henry Ford 
Hospital, Detroit Pp. 543; 368 ills. Phila- 

Iphia and London: W. B. Saunders Com- 

y, 1955. Price, $12.75. 

lrus volume contains the material presented 

ring’ a SVinpostuln on the subject of cardio- 

a ular surgery, held at the Henry Ford 
pital during the summer of 1954 and at- 

led by an international group of author- 

rhe major purpose of the meeting was 





BOOK REVIEWS AND NOTICES 


to provide an opportunity for the presenta- 
tion of really new and perhaps controversial 
work. One day was spent on the problems of 
congenital heart disease, another on acquired 
heart disease, and a half day on surgery of 
the aorta and other arteries. Surgical pro- 
cedures for coronary disease were omitted 
Phe transcription of the proceedings has been 
well edited and presented in an _ attractive 
volume replete with an abundance of illus- 
trations. While developments in surgical tech- 
nique constitute a fair share of the volume, 
there is a splendid admixture of material 
dealing with pathophysiology and diagnostic 
procedures. Especially to be recommended is 
a series of four papers relative to adjustments 
between the systemic and pulmonary circu- 
lations. Much of the pertinent discussion of 
each of the papers given at the entire sympo- 
sium is included in the transcription. The only 
disappointment in the whole book to the re- 
viewer is the chapter in which the late re- 
sults of mitral commissurotomy are discussed 
The reader will be impressed by the crying 
need for more critical analyses eliminating 
the aura of enthusiasm and fervor surrounding 
the drama of cardiac surgery before many 
of the most important questions can be an- 
swered. A great deal is said concerning the 
criteria to be relied upon for predetermining 
the poor results, but there is little concerning 
the means used postoperatively to certify that 
the result has been a good and lasting one. 
This objection, however, does not detract 
greatly from the value of the book as a whol 
and it is highly recommended to all cardiol- 
ogists and internists. tr. Bh 


Carpiac ANOMALIES. A CLINICOPATHOLOGK 
CorRELATION. By V. Moracues, M.D., Asso- 
ciate Professor of Pathology, Creighton Uni- 
versity School of Medicine, and C. P. 
Lynxwiter, M.D., Assistant Professor of 
Pediatrics, St. Louis University School of 
Medicine. Pp. 92; 157 ills. Baltimore: The 
Williams & Wilkins Co., 1954. Price, $6.50. 
THis book presents a series of representa- 

tive cases of congenital heart disease in which 

the diagnosis has been proven either by sur- 
gery or by necropsy. These are grouped under 
seven headings: Malpositions of the Heart, 

Defects of the Cardiac Septa, Valvular Anom- 

alies, Anomalies of Septation of Truncus Arte- 


( 363 ) 
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isets. Pp. 1012. New York 
Inc 1955. Price, $22.00 
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ind 2 color plates. New 
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\etaboli i} DD ( \ Moore ind kK 
Dubach Blood Pigments and Porphyrins, 
by ¢ Rimington ilemolytic Anemia, by 
\\ i Crosby md W Dameshek and 
Changes in the bunds in Diseases of the 


Blood,” by D. B. H 


Hematologists 


Dawson 
in particular, and internists 
general, will find much of interest in these 


liscussions C. 2. 


LdEMONSTRATION OF PHYSICAL SIGNS IN CLIN 


ICAI SURGERY By Haminrton” Battery 
F.R.C.S. (Ene F.A.C.S., F.R.S.E., Emeri 
tus Surgeon, Royal Northern Hospital Lon 
don issisted by ALLAN CLAIN, M.B., 


E.R.CS ENe Senior Surgical Registrar, 


Roval Cancer Hospital London 12th ed 
Pp. 456; 681 ills. Baltimore: The Williams 
& Wilkins Co., 1954. Price. $8.00. 


l HIS splendid volume has enjoved such 


widespre ad and well-deserved popularity that 


needs any introduction 


fhe author has long decried the 


tendency to rely upon laboratory and othe 


i new edition scarce 

growing 
: : 

auxiliary reports for a diagnosis, and strongly 

emphasizes the Importance of the history and 

physical examination. His book is intended 

{ ] 


to be a series of demonstrations, and hence 


is profuse ly illustrated. A large percentage ot 
the illustrations are in color, and all are well 
hosen and clear. The brief textual material 
is well written, concise and very much to 
the point. It is a book that should be part ot 


every physic ian’s library tr. D 


Orrick Procepures. By PAuL WILLIAMSON 
M.D. Pp. 412; illustrated. Philadelphia: W 
B. Saunders Co 1955. Price, $12.50 


luis is an attractive book, written by a 
physician of obvious ability. It consists of 
fifteen sections, ranging from office proced- 
ures applicabl to ear, nose and throat work 
to office roentgenology by the general prac- 
titioner. Doctor Williamson writes well and 
inserts personal comments frequently, which 
idd considerably to reader interest. I feel that 
detailed 
enough for use by a man who is not well 


the sections on surgery are not 
versed in the subject. I also feel that a consid- 
erable 
should not be 
and should certainly not be 


number of the surgical procedures 
considered as_ office surgery 
carried out at 
any time by anyone who has not had con- 
siderable training and experience. This cer- 
tainly applies to tendon repair, surgery of 


the subacromial bursa, and treatment of com- 
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plic ited tractures The section on proctology 
includes operative procedures which I do 
not feel should be considered as applicable 


attitude holds 


injuries to nerves and 


to othce treatment. The same 


tor repair ot 


Mayor 
ylood vessels 

The book 
contains a large amount of useful information 
and, I teel, deserves a place in the library of 
general practitioner who is required 


despite its surgical deficiencies, 


the b Ss) 


to maintain his office as an active clinic be 


iuse of the inaccessibility of hospital care 


H. C 


OrIGINS OF RESISTANCE TO Toxic AGENTS 
Edited by M (, 
Microbiology, University of Pennsylvania, 
Rocer D. Retp, Head, Microbiology Branch 
Office of Naval Research and Orr E 
REYNOLDs, Director, Biological Science Divi 
sion, Office of Naval Research, Department 
of the Navy, Washington Pp 4171: illus- 
trated. New York Academi 


1955. Price, $12.00 


Sevac, De partment of 


Press Ime 


[His symposium which was held under 
the joint auspices of the Office of Naval Re 
search and the University of Pennsylvania in 
Washington, in 1954, deals with the origin 


of drug resistance and related problems. The 


sesslons were levoted to l } Re sistance to 
Microbi ides Resistance to Herbicides and 
Insecticides; 3) Tolerance and Addiction to 


Drugs and Alcoholism; 4) Resistance Factors, 
Infectious Agents, and Cancer Cells; and 5 
Physiological, Chemical, and Genetic View 
points. In addition to the formal presentations, 
the valuable discussion and comment pro 
voked by each paper are also included 
Although 
other fine 
recent years, few, if any, can match the 


the proceedings of a number of 
symposia have been published in 


combined educational and inspirational values 
of this one 
written, but the discussion entitled “Experi- 
ments in Microevolution,” by R. W 


is outstanding 


All of the sections are superbly 


Gerard 
Research workers in many 


reas of medicine will find this volume both 
stimulating and richly rewarding ae 
Group Processes. Edited by Bertram 


SCHAFFNER, M.D. Pp. 318; 40 ills. New 
York Josiah Macy, Jr 1955. 


Price $5.50 


Foundation, 


THE book consists of six chapters and an 
appe ndix, all having to do with group proc- 
emphasis is upon the study of 
particularly in their mating and 


Frank A. Beech of 


CSSCS The 
animals 
ympetitive behavior. D1 
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Yale presents the first haptet pointing out 
that the growth of any living system is de 
pendent on the interaction of both extrinsi 
and intrinsic factors 

The ethologist Nito Tinbergen and Conrad 
Lorenz give excellent accounts of their work 
which prove highly interesting. The ethologi 
cal point of view concentrates on the inte1 
inimal and the 
either 
Helen 


paper on thie 


iction between the youn 
rather than 


le arming process oO! instinct im vacu 


environment ittempting 

Blauvelt gives an interesting 

relationship of the new born goats to thei 

mothers. This work is somewhat analogous 

to that of Spitz on human infants and is im 

portant in being an early experimental work 
that relates both 
] ¥ 


to ethology and to psychology 


In a very important fie] 


The seminars are sponsored by the Josiah 
Macy, Jr. Foundation to which science needs 
to be indebted for recognizing a vital need 
of crossing semantic barriers, synthesizing 
knowledge and stimulating new work. The 
hook 1s highly TrecomMime! le | for interesting 
reading, for broadening ow concepts of en 
vironmental and instinctual interaction and 
is a demonstration of the value of seminars 
as a scientific method Q. | 


THe RevieF oF Symptoms. By Watcte! 
MopeE.L, M.D., Associate Professor of Clin 
ical Pharmacology, Cornell University Med 
ical College Pp. 450; 5 ills Philadelphia 
and London: W B. Saunders ¢ ompany 
1955. Price, $8.00 


} 


THE reviewer has for long time wishe 
would write i book on. the 


theretore 


that someone 
treatment of symptom He has, 


been well pleased to read this new volume 


which so adequately fulfills his wish. Th 
author of the book states that “‘the 


physician deals with the 


modert 
symptom, using 1t 
as a guide to diagnosis map of the course 
of the disease, and as an index to the re sponse 
to therapy, but he may be so respectful ol 
it that he is unwilling to attack it directly 

This is most certainly true, and there is 

crying need for correction of the last in thi 
series of attitudes if physicians are to serv 
their patients to the 
Dr. Modell’s volume 


ience as a participant in the Cornell Confer 


fullest extent possibl 


reflects a long exper 


ences on Therapy and his membership on it 
editorial board. It is addressed primarily + 
medical students and also to the young: 
and_ habits 

practice have not yet “set.” Commencing wit 


graduates whose philosophy 


an excellent section of five chapters dealit 


~~ 








ith Theory it 


ipter 


\p 


( 


ok of treatment, and does not in 


ethod 


; 


etite 


then follows with a series of 
mnmanagement of Pain, Anxiety 
mnia, Gas, Constipation, Diarrhea, Loss of 
Obesity, Palpitations, Edema, Dysp 
Cough Weakness and Fatigue 
id Vomiting, Vertigo, Itch, Hiccups 
Skeletal Mus- 
Spa Menstrual Disorders, Frequency 
Dysuria, and, finally, Jaundice. There is 
part entitled, “Council,” which 
ortisone and the Masking of 
pte While there are points here and 
take 
problem in any 


lever 


ciousness, Convulsions 


will 
ae | I nd to be the 


th SOTLLEG 


exception 
any Way 
the tremendous value of the 
It is highly 
| be worthy of 


k a hole recommended 


editions 


a: 


many 


Edited by A \. 
( olle Ue Pp 995: 
Philosophical Library 


PSYCHOLOGY 
BACK, limerson illus 


York 
55. Price, $12.00 

thi ive volume, Roback attempts 
re rit nprehensive 


ychol with indications of past de- 


view of present 


future trends. The chapters 
cussions of ne urology to ques- 
religion and parapsychology. Because 
t a book, and be 

t tl liversity of the 40 contributors 
expert n their special fields, the work 
rily loses a certain unity. This the 

re ly admits and partially corrects 

be fore 
inization of the 


wick ope of such 


pplyin editorial each 
| tel rl ( rg? 
er enters about five divisions: |) Topi- 
Departments, 2) Branches, 3) Dynamic 
Psychology, 4 Methods, 


Psychological Borderlands Human- 


notes 


collective 


and 
and 


Althoug!] ost of the topical departments 
luded in the 


the omission of 


first section, one wonders 


a chapter on theoretical 
ispects of learning and mo- 


ion. It seems that because of the 


lm- 


rtance of this subject In present-day psy- 


rl ips one ot 


logy, this field deserves a complete chap- 
rather than brief mention here and there 
the most unusual chapters in 
account of military 


Dynamic and Clinical Psychology 


t Il 


he vc vy 


Branches, is an 
juite extensively covered from the point 
view of both diagnostics and therapy. The 

ods section 1s extremely short and seems 
newhat out of place. However, the presen- 
ion of some recent trends in method will 
ve to be of value to those familiar with 


dbs 


Book Reviews and Notices 


method in psy hology. The final section Psy- 
chological Borderlands and Humanistics deals 
with such topics as 
of art, of 


matter 


psychology of literature, 

Although this subject 
a surprise in this type of 
shows that the editor 
to deal with 
the psychology of values, the status of which 
is not clearly established but which may lead 


aesthetics 
COMES as 
symposium it has had 


the coverage material, such as 


to fruitful research and progress O. E 
NEW BOOKS 
Proceedings of the Symposium on Chlorpro 


and Me ntal Health, held in Phila 
1955, under the 


and Frenc h 


Mla zie 
delphia, June, 
of Smith, Kline 


auspices 
Laboratories 


Pp. 200; 14 ills. Philadelphia: Lea & 
Febiger, 1955. Price $3.00 

Ine effects of chlorpromazine on emotional dis 
turbance was presented, both in ambulatory treat 
ment as well as in hospitalized patients. Many 
leaders in the field spoke about the value of 
the drug in calming patients and making them 


less destructive, and 
lobot 
necessity for electro shock 
different 
country, 


Their 


imenable to hospital routine, 


in some instances, obviating the need for 
omy and reducing the 
treatment The 
participants, from 


who had used the 


had many 
parts of the 
drug over 


symposium 
various 


long periods 


opinions and experience make worth while read 
ing for the interested medical man 
The meeting ended with a dinner address by 
Dr. Winfred Overholser who found the drug 
useful at St. Elizabeth’s Hospital and gave an 
optimistic evaluation of its potentialities 
Oo. E 
Multiple Sclerosis. By Dovucias MCALPINE, 
M.D., F.R.C.P., Nicert D. Compsrton, 
M.A., M.D CANTAB M.R.C.P., AND 
Cuarces FE, LumMspen, M.D. (ABERD. ) 


Pp. 304; 41 ills. London: E. & S. Living- 


stone, Ltd., 1955 (Williams & Wilkins 
Co., Baltimore, | S Agents). Price, 
$7.00. 

luis isan excellent and authoritative mono- 


sraph by authors whose experience is wide. The 
subject is very thoroughly and completely covered 
The 
multiple 


encyclopedic manner. reviewer is 
that no facet of 
been neglected 


There are 


in an 
certain sclerosis has 
reports to illustrate the 
wish to make. The 
is supplemented by 
which appear at the 
Reference is, of 


many case 
points the authors 
authors’ extensive 
the large 
end of each chapter 
made to the references in the context. 

The book was written in the hope 
will be of value to the physician and general 
practitioner and “may also encourage further 
work in this difficult field of research.”’ It is 
too exhaustive for the general physician to use 
for other than a book and for that 
purpose it is superlative. 

The chapter on treatment emphasizes the fact 


Various 
experience 
bibliographies 


course, 


that it 


reference 
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vhicl true, namely, that even though The Diabetic Life: Its Control by Diet and 
treatr t unsatisfacto the patient " hole > 
ppt eel caste. ; i Insulin. By R. D. LAwrence, M.D., Physi 
t ha care ind management ind that a ¢ 
referably by others than charlatans cian-in-Charge of Diabetic Department 
The reviewer cannot recommend it too highly King’s College Hospit il 15th edition Pp 
Se ee ee eee 228; 27 ills. London: J. and A. Churchill 
venera ind In multiple Sclerosis in particular _ . 
: "6 Ltd., 1955 (Little, Brown & Co., Boston 
U.S. Agents Price, $1.75 
luis book presents the details of management 
f diabetes mellitus for the eneral practitione: 
and for the patient in a inner Which permit 
both to use it effectively. For the physician, there 
NEW EDITIONS jeali ah, ‘oudien wane 
ire discussions leali with roy ‘ lanage 
ment special treatment | cedure for surgical 
lhe D tors May By HELEN CLAPESATTLI ind other complicatior 1 detai f treatment 
Pp. 484. New York: Pocket Books, In for juvenile and pregnant diabetics; for the pa 
195 Py @ 5) tient, the particular cl ter f importance ire 
0 nat , those dealing with diet, insulins and injectior 
iHis | ket Books’ edition meets it popular techniques and other ted t aspect 
convenient sized volume of the * diabetic self-care H ver both physiciar 
biography f the founders of the Mavo Clini and = patient night fitabl, read the entire 
First published in 1941, the work was stream volume The chapter lietar ethods may 
54 t i more popular length and it prove confusing t pat t ind physicians in 
tk é 1 version which is here reprinted the United States whe tl implif I nd Ex 
R. K change Method is wid ( S 
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